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R e s u l t s  i n d i c a t e  t h e  mean t i d e  Level w e i r  e l e v a t i o n  is t h e  most 
p r a c t i c a l  e l e v a t i o n  f o r  p r o v i d i n g  wave p r o t e c t i o n  f o r  a d redge ,  good 
sediment  t r a n s p o r t  a c r o s s  t h e  w e i r ,  and good flood-ebb t i d a l  f low r e l a t i o n -  
s h i p s ,  i.e., moderate f l o o d  f low c u r r e n t s  and l i t t l e  o r  no ebb flow. 
S t rong  ebb f low c u r r e n t s  over  t h e  w e i r  a r e  n o t  d e s i r a b l e  a s  they  might 
a i d  i n  m i g r a t i o n  of t h e  n a v i g a t i o n  channel  through t h e  d e p o s i t i o n  b a s i n .  
J e t t y  systems w i t h  t h e  o u t e r ,  more oceanward p o r t i o n s  p a r a l l e l  t o  each 
o t h e r  and a t  minimum s p a c i n g  provide t h e  b e s t  f low c h a r a c t e r i s t i c s  when 
t i d a l  c u r r e n t  m i g r a t i o n  through t h e  d e p o s i t i o n  b a s i n  r e g i o n  is cons ide red .  
Wave-generated c u r r e n t s  upcoast  of t h e  we i r  j e t t y  a r e  n o t  e n t i r e l y  
c a p t u r e d  by t h e  w e i r  b u t  some c u r r e n t ,  and t h u s  sed iment ,  moves oceanward 
a long  the  o u t e r  p o r t i o n  of t h e  j e t t y .  Also r e f l e c t e d  waves o f f  t h e  
j e t t y  and w e i r  s t r u c t u r e  combine w i t h  i n c i d e n t  waves t o  form a  s h o r t -  
c r e s t e d  wave f i e l d  which a i d s  i n  removal of sediment  from t h e  upcoast  
beach t o  v a r i o u s  d e g r e e s ,  depending on t h e  s t r u c t u r e ' s  a n g l e  w i t h  r e s p e c t  
t o  t h e  s h o r e l i n e  and t h e  i n c i d e n t  wave a n g l e .  

The e f f e c t s  of g r o i n s  a d j a c e n t  t o  t h e  we i r  s e c t i o n  were examined 
wi th  regard  t o  p rov id ing  a d d i t i o n a l  f i l l e t  s t o r a g e  and reduc ing  t h e  
sediment  movement i n  a n  oceanward d i r e c t i o n  a long  t h e  j e t t y .  P o s i t i v e  
r e s u l t s  were found f o r  each v a r i a t i o n  t e s t e d .  
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PREFACE 

The model i n v e s t i g a t i o n  d e s c r i b e d  i n  t h i s  r e p o r t  was performed f o r  

t h e  U. S. Army C o a s t a l  Engineer ing Research Cente r  (CEKC), F o r t  B e l v o i r ,  

V a . ,  a s  p a r t  of t h e  r e s e a r c h  work u n i t  Weir J e t t y  O r i e n t a t i o n  and 

E leva t ion .  A u t h o r i z a t i o n  f o r  t h e  model s t u d y  was rece ived  5 May 1977. 

The s t u d y  was conducted i n  t h e  Wave Dynamics D i v i s i o n  of t h e  Hydrau l ics  

Labora to ry ,  U. S. Army Engineer Waterways Experiment S t a t i o n  (WES), 

d u r i n g  t h e  pe r iod  June 1977-June 1979 under  t h e  g e n e r a l  d i r e c t i o n  of 

M r .  H. B. Simmons, Chief of t h e  Hydrau l ics  Labora to ry ,  and M r .  F. A. 

Herrmann, Jr., A s s i s t a n t  Chief of t h e  Hydrau l ics  Laboratory .  The t e s t i n g  

was conducted by members of ' t h e  Wave P r o c e s s e s  Branch ( fo rmer ly  Oceans 

and I n l e t s  Branch, D r .  C .  L. Vincen t ,  Ch ie f )  under  t h e  d i r e c t i o n  of 

D r .  R .  W .  Whalin and M r .  C .  E. Chatham, former and a c t i n g  C h i e f s  of t h e  

Wave Dynamics D i v i s i o n ,  r e s p e c t i v e l y .  T e s t i n g  was conducted by M r .  W .  C .  

Seabergh,  P r o j e c t  Engineer ,  w i t h  a s s i s t a n c e  from M r .  E. F.  Lane and 

M r .  J .  W .  McCoy, Engineer ing  Technic ians .  T h i s  r e p o r t  was p repared  by 

M r .  Seabergh.  

During t h e  conduct of t h i s  s t u d y  CERC t e c h n i c a l  moni to r ing  

was performed by D r .  R. L. Weggel, M r .  P h i l l i p  Vitale, and M r .  M. 

Janiszewski .  Dean Morrough P. O'Brien and P r o f e s s o r  Robert G. Dean 

provided h e l p f u l  comments i n  t h e  p l a n n i n g  of t h e  s tudy .  

Commanders and D i r e c t o r s  of WES d u r i n g  t h e  s t u d y  were COL John T,. 

Cannon, CE, COL Nelson P. Conover, CE, and COT4 T i l f o r d  C. C r e e l ,  CE. 

Techn ica l  I l i r e c t o r  was M r .  F. R. Brown. 
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CONVERSION FACTORS, U. S .  CUSTOMARY TO METRIC ( S I )  
UNI'PS OF  MEASUREMENT 

U. S. customary u n i t s  of measurement used i n  t h i s  r e p o r t  can be con- 

v e r t e d  t o  m e t r i c  ( S I )  u n i t s  as fo l lows :  

Nu1 t i p l y  By To Obtain  

c u b i c  f e e t  0.02831685 c u b i c  metres  

c u b i c  f e e t  p e r  second 0.02831685 c u b i c  met res  per  second 

c u b i c  y a r d s  0.7645549 c u b i c  metres  

cub ic  y a r d s  pe r  second 0.7645549 c u b i c  met res  pe r  second 

f e e t  0.3048 metres  

f e e t  pe r  second 

f e e t  pe r  second per  
second 

i n c h e s  

met res  pe r  second 

met res  per  second p e r  
second 

m i l l i m e t r e s  

s q u a r e  f e e t  0,09290304 s q u a r e  met res  



WETR JETTY PERFORMINCE : HYDRAULIC 

AND SI:I) IMEN'PARY CONSIOERATIONS 

Hvdratil-ic Mode I. I n v e s t i e a t i o n  

PART I : INTRODUCTION 

Background 

1. T r a d i t i o n a l l - y ,  j e t t i e s  have been used t o  s t a b i l i z e  t h e  l o c a t i o n  

o f  a cllannel and t o  main ta in  c l~a i lne l  d imensions  t o  s a f e l y  accommodate 

v e s s e l s  of a  g iven s i z e ,  J e t t i e s  a r e  normal ly  c o n s t r u c t e d  of q u a r r y s t o n e  

and f l a n k  bo th  s i d e s  of the  d e s i r e d  channe l  a l ignment ,  ex tend ing  from t h e  

s h o r e l i n e  t o  a  dep th  u s u a l l y  governed by t h e  d e s i r e d  dep th  of t h e  en- 

t r a n c e  channe l ,  A r u l e  of thumb used i n  t h e  p a s t  f o r  shal.Lower channe l s  

h a s  been t o  extend t h e  j e t t i e s  t o  t h e  dep th  con tour  corresponding t o  t h e  

e n t r a n c e  channel  dep th .  However, w i t h  t h e  advent  of deeper  channe l s  f o r  

l a r g e r  v e s s e l s  t h i s  r u l e  of thumb h a s  o f t e n  been d i s regarded  due t o  t h e  

l a r g e  expense of c o n s t r u c t i n g  l o n g e r  j e t t i e s  i n  much deeper  wa te r .  

2. The sediment-laden c o a s t a l  environment i n  which j e t t i e s  a r e  

c o n s t r u c t e d  c o n t a i n s  t h e  sediment-moving f o r c e s  of wind waves, longshore  

c u r r e n t s ,  t i d a l  c u r r e n t s  (on t h e  ocean c o a s t s )  o r  s e i c h e  c u r r e n t s  (on 

l a k e  c o a s t s ) ,  and wind. The n e t  r e s u l t  of j e t t y  c o n s t r u c t i o n  i n  t h i s  

environment u s u a l l y  is  t h e  impoundment of sand a g a i n s t  t h e  j e t t i e s .  I f  

t h e r e  is  a n e t  movement oE sand i n  one d i r e c t i o n  a long  t h e  c o a s t ,  t h e  

impoundment on t h e  u p d r i f t  j e t t y  s i d e  may i n c r e a s e  u n t i l  sand is a b l e  t o  

move around t h e  oceanward j e t t y  t i p  and i n t o  t h e  n a v i g a t i o n  channe l .  On 

t h e  downdr i f t  s i d e  of t h e  j e t t y  sys tem e r o s i o n  of t h e  s h o r e l i n e  o c c u r s ,  

s i n c e  t h e  j e t t i e s  have i n t e r r u p t e d  t h e  normal supp ly  of sand t h a t  is  

t r a n s p o r t e d  longshore .  It must be k e p t  i n  mind t h a t  t h e  c o n c e p t u a l  

n o t i o n  of upcoast  and downcoast d r i f t  is q u i t e  i d e a l i z e d .  I n  r e a l i t y  

sand is t r a n s p o r t e d  i n  b o t h  d i r e c t i o n s  and i t  i s  l i k e l y  t h a t  a f i l l e t  

w i l l  develop on both  s i d e s  of t h e  j e t t i e d  i n l e t  ( t h e  l a r g e r  f i l l e t  on 

t h e  u p d r i f t  s i d e ) ,  and t h e  more n e a r l y  balanced t h e  n o r t h  and s o u t h  



t r a n s p o r t  r a t e s ,  t h e  more l i k e l y  t h a t  e r o s i o n  can occur  on b o t h  s i d e s  of 

t h e  i n l e t .  

3. One of t h e  shor tcomings  of t y p i c a l  p a r a l l e l  j e t t i e s  is  t h a t  

t h e r e  i s  no s h e l t e r e d  l o c a t i o n  f o r  a  dredge t o  o p e r a t e  when i t  i s  neces-  

s a r y  t o  bypass sand. One concep t  t o  overcome t h i s  shortcoming i s  t h e  

we i r  j e t t y  system. A wei r  j e t t y  i s  d e f i n e d  h e r e  as a  shore-connected 

j e t t y  s t r u c t u r e ,  u s u a l l y  of rubble-mound c o n s t r u c t i o n ,  whose shoreward 

end i s  c o n s t r u c t e d  t o  an  e l e v a t i o n  such t h a t  i t  a c t s  a s  a  w e i r ,  and wate r  

and sediment can he t r a n s p o r t e d  over  t h i s  p o r t i o n  of t h e  s t r u c t u r e  f o r  

p a r t  o r  a l l  of a  normal t i d a l  c y c l e  by t i d a l  and wave-generated c u r r e n t s .  

The wei r  i t s e l f  can be c o n s t r u c t e d  of rubble-mound s t o n e  o r ,  f o r  more 

a c c u r a t e  e l e v a t i o n  c o n t r o l ,  can be c o n s t r u c t e d  of c o n c r e t e  o r  m e t a l  s h e e t  

p i l e .  On t h e  l e e  s i d e  of t h e  w e i r  a d e p o s i t i o n  b a s i n  may be dredged t o  

a c t  as a  s e t t l i n g  b a s i n  f o r  sed iments  p a s s i n g  over  t h e  weir .  The w e i r  

a c t s  a s  a  breakwater  f o r  waves and p r o v i d e s  a  semipro tec ted  a r e a  f o r  

d redg ing  of t h e  d e p o s i t i o n  b a s i n  when i t  h a s  f i l l e d .  The b a s i n  is 

dredged t o  s t o r e  some e s t i m a t e d  q u a n t i t y  of sand moving i n t o  t h e  b a s i n  

d u r i n g  a  given t ime p e r i o d  ( i . e . ,  s t o r a g e  of 6 months, 1 y e a r ,  2 y e a r s ,  

e t c . ) .  A h y d r a u l i c  dredge working i n  t h e  semipro tec ted  w a t e r s  can by- 

p a s s  o r  backpass t o  m i t i g a t e  p o t e n t i a l  beach e r o s i o n .  I n  t h i s  way t h e  

i n l e t  may a c t  a s  a  source  of sand i n s t e a d  of a  s i n k ,  The j e t t y  sys tem 

may have one wei r  on t h e  u p d r i f t  s i d e  of t h e  channe l  which w i l l  be in -  

c r e a s i n g l y  e f f e c t i v e  a s  longshore  t r a n s p o r t  becomes more n e a r l y  u n i d i r e c -  

t i o n a l .  For a  j e t t i e d  sys tem wi th  a  n e a r  ba lance  of longshore  t r a n s p o r t  

r a t e s ,  c o n s i d e r a t i o n  should be g i v e n  t o  a  we i r  s e c t i o n  i n  b o t h  j e t t i e s .  

4. This  concept  h a s  been used r e c e n t l y  wi th  va ry ing  d e g r e e s  of 

s u c c e s s .  The i d e a  o r i g i n a t e d  a t  H i l l s b o r o  I n l e t ,  F la . ,  a s  f a r  a s  sand 

bypass ing a p p l i c a t i o n s  a r e  concerned;  however, weir  j e t t i e s  were con- 

s t r u c t e d  a t  Char les ton  Harbor a s  e a r l y  a s  t h e  1800's  t o  induce a  n e t  ebb 

f low i n  t h e  r e g i o n  between t h e  j e t t i e s  ( F i g u r e  1). These w e i r s  were a t  

-13 f t *  below low water  e l e v a t i o n  and t h u s  t h e  predominant ebb f low 

* A t a b l e  of f a c t o r s  f o r  c o n v e r t i n g  U. S. customary u n i t s  oE measure- 
ment t o  m e t r i c  (SI )  u n i t s  i s  presen ted  on page 3.  



F i g u r e  1. Weir jet t ies a t  C h a r l e s t o n  Harbor 

f l u s h e d  channel  sediments  oceanward (Mason 1977). H i l l s b o r o  I n l e t  is  

bounded on t h e  upcoas t  s i d e  by a rock r e e f  which is  an  e x t e n s i o n  of t h e  

s h o r e l i n e  n e a r  t h e  i n l e t  (F igure  2 ) .  Longshore d r i f t  passed over  t h e  

r e e f  i n t o  a b a s i n  dredged behind it.  D e t a i l s  of t h i s  and o t h e r  we i r  

j e t t y  p r o j e c t s  a t  Masonboro I n l e t ,  N. C., Perdido Pass ,  A l a , ,  E a s t  Pass ,  

F l a . ,  and Ponce de  Leon I n l e t ,  Fla . ,  a r e  p r e s e n t e d  i n  Weggel (1981). 

Parker  (1979) a l s o  p r e s e n t s  a n  i n f o r m a t i v e  summary of weir j e t t y  

p r o j e c t s ,  F igure  3 shows t h e  weir  j e t t y  sys tem a t  M u r r e l l s  I n l e t ,  S. C. 



Figu re  2. H i l l s b o r o  In.Let, n a t u r a l  we i r  j e t t y  

F igure  3. Mur r e l l s  I n l e t  w e i r  j e t t y  

7 



Purpose  of  Study 

5. Th i s  s t u d y  was perEormed i n  o r d e r  t o  e v a l u a t e  the  e f f e c t  o f  

t h e  v a r i a t i o n  of a  number of d e s i g n  pa ramete r s  upon t h e  c a p a b i l i t y  of a  

we i r  j e t t y  system t o  f u n c t i o n  a s  a n  e f f i c i e n t  sediment-handl ing system. 

The exper imenta l  p rocedure ,  d i s c u s s e d  l a t e r ,  was t o  c o n s t r u c t  a  fixed-bed 

model of a  g e n e r a l i z e d  ~ n l e t  e n t r a n c e  and t o  e v a l u a t e  v a r i o u s  c o n f i g u r a -  

t i o n s  through i n j e c t i o n  of  a t r a c e r  m a t e r i a l  and t h e  sirnulati.on of t i d e s  

and wind waves and t h e i r  a s s o c i a t e d  h y d r a u l i c  c u r r e n t s .  Importarzt 

pa ramete r s  t o  be i r lves t  i g a t e d  were weir  o r i e n t a t i o n ,  we i r  e l e v a t i o n ,  and 

we i r  l e n g  t h e  



PAKT TI: THE MODEL 

6. Model d imensions  and s c a l e  were based on reproduc ing  r e a l i s t i c  

pa ramete rs  f o r  i n l e t  wid th ,  bay s i z e ,  j e t t y  l e n g t h ,  and oEfshore  bathym- 

e t r y .  The model was c o n s t r u c t e d  t o  an  u n d i s t o r t e d  s c a l e  t o  a s s u r e  simul- 

taneous  s i m i l i t u d e  of b o t h  d i f f r a c t i o n  and r e f r a c t i o n .  

7. A s c a l e  of 1:100 was s e l e c t e d  based on model s c a l e  requ i rements  

f o r  a c c u r a t e  r e p r o d u c t i o n  of waves and c u r r e n t s  and s i z e  o E  t h e  a r e a  and 

j e t t y  system t o  be modeled. F i g u r e  4 shows t h e  t e s t  b a s i n  w i t h  a  t y p i c a l  

j e t t y  system layou t .  The i n l e t  was s h i f t e d  l a t e r a l l y  from t h e  c e n t e r  o f  

t h e  test b a s i n  t o  maximize t h e  upcoas t  beach l e n g t h .  Any Larger model 

s c a l e  would no t  have provided a s u f f i c i e n t  upcoas t  s h o r e l i n e  nor  provided 

a r e a l i s t i c  bay s i z e  ( i n  t h e  f a c i l i t y  used)  behind t h e  i n l e t .  A small-er  

s c a l e  model would have r e s u l t e d  i n  e x c e s s i v e  v i scous  f r i c t i o n  s i g n i f i -  

c a n t l y  a f f e c t i n g  wave p ropaga t ion .  

8. From an  e x t e n s i v e  examinat ion of p r o t o t y p e  i n l e t s ,  d imensions  

cons idered  r e p r e s e n t a t i v e  of t y p i c a l  b r e a d t h ,  s h a l l o w  i n l e t  channe l s  were 

s e l e c t e d  as fo l lows  : 

Maximum c r o s s  s e c t i o n  a t  t h r o a t  21,000 f t 2  
( t r a p e z o i d a l  channe l )  

Spacing between j e t t i e s  1200 i t  

Channel dep th  22.5 E t  

J e t t y  l e n g t h  (measured oceanward 2600 f t  
from t h e  h i g h  wate r  l i n e )  

The weir j e t t y  was c o n s t r u c t e d  i n  t h e  model of s h e e t  meta l  and rock  t o  

r e p r e s e n t  a  p r o t o t y p e  j e t t y  wi th  a  c o n c r e t e  s h e e t  p i l e  we i r  and rubblc-  

mound c o n s t r u c t i o n  b o t h  landward and seaward of t h e  we i r .  E l e v a t i o n  of 

t h e  r u b b l e  p o r t i o n  oE t h e  j e t t y  w a s  +10.0 E t  mean s e a  l e v e l  (msl) and 

t h e  e l e v a t i o n  of t h e  we i r  was 0.0 m s l  o r  +2.5 F t  mean low wate r  (mlw) . 
It was decided t o  model a c o n c r e t e  s h e e t  p i l e  weir i n  t h e  p r o t o t y p e  

(such a s  Masonboro I n l e t ,  N. C. ,  Perdido Pass, F la . ,  and Eas t  Pass ,  Fla.)  

i n s t e a d  of t h e  rubble-mound type (such a s  M u r r e l l s  I n l e t ,  S.  C.) i n  
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o r d e r  t o  have b e t t e r  c o n t r o l  o f  e l e v a t i o n  i n  t h e  model which would con- 

t r i h u t e  t o  more a c c u r a t e  measurements of head d i f f e r e n c e  and f low a c r o s s  

t h e  model weir .  The j e t t y  had a n  impermeable c o r e  i n  t h e  model s o  t h a t  

f low through the  channel  and over  t h e  weir  could  be more a c c u r a t e l y  

q u a n t i f i e d .  An average r e f l e c t i o n  c o e f f i c l e n t  oE 0.30 was measured f o r  

t h e  model j e t t y ,  a va lue  b e l i e v e d  t o  reasonab ly  r e p r e s e n t  r e f l e c t i o r ~  i n  

t h e  p r o t o t y p e  (Thornton and Calhoun 1972). 

9. Examination of F i g u r e  4 shows t h a t  the bathyrnetric c o n t n u r s  

were pa ra l l e l .  t o  t h e  s h o r e l i n e .  Th is  bathytnetry was chosen t o  m a i n t a i n  

t h e  same bottom s l o p e s  a d j a c e n t  t o  v a r i o u s  s t r u c t u r e s  and t o  e a s i l y  and 

c o s t  e f f e c t i v e l y  modify t h e  s t r u c  t u r a l  c o n f i g u r a t i o n  of the  weir j e t t y  

system. Usual ly  a s  one approaches  a n  i n l e t ,  the  ba thymet r ic  c o n t o u r s  

i n d i c a t e  a n  accumulat ion of sedimen t s  seaward of t h e  in1  e t .  Conse- 

q u e n t l y ,  the  seaward terminus  of t h e  model jet t ies is i n  r e l a t i v e l y  

deeper  wa te r  than  t h e  p r o t o t y p e  might be. Th is  d i f f e r e n c e  between 

t h e  model and t y p i c a l  p r o t o t y p e  j e t t i e s  i s  probably  unimportant  t o  most 

h y d r a u l i c  t i d a l  phenomena, bu t  i t  may be impor tan t  r e l a t i v e  t o  wave 

r e f r a c t i o n  and sediment movement n e a r  t h e  seaward terminus  of t h e  

j e t t y  s t r u c t u r e .  There w i l l  he some f u r t h e r  d i s c u s s i o n  of t h i s  p o i n t  

la ter  i n  the  r e p o r t .  I d e a l i z e d ,  p a r a l l e l  c o n t o u r s  and t h e  absence  of 

a n  o f f s h o r e  b a r  made comparisons between v a r i o u s  s t r u c t u r a l  conf igura -  

t i o n s  e a s i e r .  It might be d e s i r a b l e  i n  a l a t e r  s t u d y  t o  r e p e a t  c e r t a i n  

t e s t s  w i t h  seaward-directed bottom c o n t o u r s  n e a r  t h e  i n l e t  and a n  o f f -  

s h o r e  b a r .  

10. The model w a s  des igned t o  r e a l i s t i c a l l y  reproduce t i d a l  

c u r r e n t s  through t h e  i n l e t  and over  t h e  weir s e c t i o n .  The bay a r e a  

was s i z e d  t o  accommodate t h e  expec ted  t i d a l  pr ism of an  i n l - e t  w i t h  t h e  

g iven  c r o s s  s e c t i o n  d e s c r i b e d  e a r l i e r  and a s  r e l a t e d  by O'Brien 's  

(1969) e m p i r i c a l  r e l a t i o n s h i p  between t h e  e q u i l i b r i u m  rninimt~rn c r o s s -  
2 s e c t i o n a l  f low a r e a  below mean s e a  l e v e l  A* ( f t  ) ,  and t i d a l  pr ism 

P ( f t 3 ) :  C~ 

- 

* For  convenience,  symbols and unusua l  a b b r e v i a t i o n s  a r e  l i s t e d  and 
d e f i n e d  i n  t h e  Notat ion (Appendix B) . 



-4 85 AC = 4.69 x 10 ( f o r  j e t t i e d  i n l e t s )  
E 

Bay s i z e  was s e l e c t e d  s o  i t  would f i l l  comple te ly ,  t h u s  p r o v i d i n g  a n  

i n l e t  w i t h  a  h i g h  Keulegan K , o r  r e p l e t i o n  c o e f f i c i e n t ,  where K i s  

d e f i n e d  by 0' B r i e n  and Dean (1972) as: 

i n  which 

T = t i d a l  p e r i o d ,  s e c  

a = ocean t i d a l  ampl i tude ,  h a l f  r ange ,  f t  
0 a 

L 
A = c r o s s - s e c t i o n a l  a r e a  of i n l e t ,  f t  

C 7 

A,, = s u r f a c e  a r e a  of bay,  f t L  

g  = a c c e l e r a t i o n  due t o  g r a v i t y ,  f t / s e c  
2 

F = i n l e t  impedance = K .  + Ke + f L c / 4 ~ c  
1 

K .  = i n l e t  e n t r a n c e  l o s s  c o e f f i c i e n t  
1 

K = i n l e t  e x i t  l o s s  c o e f f i c i e n t  e  
f  = Darcy-Weisbach f r i c t i o n  c o e f f i c i e n t  

R = h y d r a u l i c  r a d i u s  of f low a r e a ,  f t  
C 

LC = channel  l e n g t h ,  f t  

It w a s  a l s o  d e s i r a b l e  t o  model a  low K v a l u e  i n l e t  because  of t h e  

s i g n i f i c a n t  change i n  v e l o c i t y - t i d a l  e l e v a t i o n  r e l a t i o n s h i p  w i t h  a 

s i g n i f i c a n t  change i n  K which would i n  t u r n  produce d i f r e r e n t  f low 

c o n d i t i o n s  a t  t h e  w e i r  s e c t i o n .  Examining t h e  e x p r e s s i o n  f o r  

Keulegan 's  K , i t  i s  no ted  t h a t  K i s  i n v e r s e l y  p r o p o r t i o n a l  t o  
*b . 

I f  a l l  o t h e r  terms i n  t h e  e x p r e s s i o n  f o r  K a r e  h e l d  c o n s t a n t ,  from 

a graph of ab /ao  v e r s u s  K from Dean (1971) ,  where a  = t i d e  ampli- 
b  

t u d e  i n  bay shown i n  F i g u r e  5 ,  i t  can be  found t h a t :  

a 
- 0.75 
a 

,O.8 K f o r  0 .2  < K < 0.8 
0 



REPLETION COEFFICIENT, K 

Figure 5. Rat io  of bay t o  ocean t i d e  amplitude versus  
Keulegan r e p l e t i o n  c o e f f i c i e n t ,  K 

Also t h e  t i d a l  prism P can be def ined  a s :  

S u b s t i t u t i n g  i n  t h e  express ion  f o r  K , i t  can be found t h a t  

Therefore whi le  t r y i n g  t o  reduce K by inc reas ing  bay a r e a ,  t h e  t i d a l  

prism would be increased .  Thus i n  changing from t h e  high K va lue  ( say ,  

1.75) t o  a  Low K va lue  ( say ,  0.2), t h e  t i d a l  prism would inc rease  by a  

f a c t o r  of 2.  The inc rease  i n  t i d a l  prism would mean. an inc rease  i n  

v e l o c i t y  t o  va lues  double t h e  high K v e l o c i t y  va lues  ( s ince  t h e  a r e a ,  

Ac , i s  f i x e d ) .  Since t h e  high K i n l e t  is designed t o  have an a r e a  i n  

equi l ibr ium wi th  i t s  t i d a l  prism, which i n  t u r n  would have maximum veloc- 

i t i e s  of 4 t o  5 f p s  (pro to type) ,  then v e l o c i t i e s  of 8 t o  10 f p s  would 

occur f o r  t h e  low K i n l e t ,  much too h igh  f o r  an equi l ibr ium condi t ion .  

In  o rde r  t o  reduce t h i s  prism inc rease  and i t s  a s soc i a t ed  v e l o c i t y  



i n c r e a s e ,  i t  was f e l t  an  i n c r e a s e  i n  F  would be a p p r o p r i a t e .  Th i s  was 

performed by adding roughness bayward of t h e  i n l e t  t h r o a t .  The e n t r a n c e  

channe l  between t h e  j e t t i e s  was l e f t  as i s  so  t h a t  p h y s i c a l  f low r e l a -  

t i o n s h i p s  between t h e  weir  and e n t r a n c e  channe l  would be unchanged from 

t h e  h i g h  K i n l e t  c o n d i t i o n .  

11. The c r e a t i o n  of t h e  low K i n l e t  c o n d i t i o n  r e q u i r e d  t h e  u s e  

of a  s t o r a g e  sump a t  t h e  r e a r  of t h e  bay. Two pumps and two programmable 

f l o w  c o n t r o l l e r s  were used t o  remove water  from t h e  bay d u r i n g  f lood  

f low and s t o r e  i t  i n  t h e  sump. The same q u a n t i t y  t h a t  was removed was 

r e t u r n e d  t o  t h e  bay d u r i n g  ebb flow. Thus t h e  bay t i d e  range was reduced 

(producing a  s m a l l e r  K v a l u e )  whi le  about  t h e  same t i d a l  prism of t h e  

h i g h  K i n l e t  was main ta ined ,  t h u s  s i m u l a t i n g  a  bay of g r e a t e r  s u r f a c e  

a r e a .  

12. A s  d i s c u s s e d  p r e v i o u s l y ,  a  1:100 s c a l e  was chosen f o r  t h e  

model. From t h i s  s c a l e  t h e  fo l lowing  r e l a t i o n s  were computed based on 

t h e  Froudian law of s i m i l i t u d e :  

C h a r a c t e r i s t i c  

H o r i z o n t a l  l e n g t h  

Mode1:Prototype- 
S c a l e  R e l a t i o n  

V e r t i c a l  l e n g t h  Lv = 1: 100 

S u r f a c e  a r e a  LHLH = 1:10,000 

Volume LHLHLV = 1:1,000,000 

V e l o c i t y  

Discharge L;I2~, = 1 : 100,000 

Time--t i d a l  wave = 1 : l O  

Slope 

Time--wind wave L V L y 2  = 1:lO 



One p r o t o t y p e  t i d a l  c y c l e  ( s e m i d i u r n a l )  of 12 h r  and 25 min was re-  

produced i n  t h e  model i n  74.5 min. 

Model Appurtenances 

13. The model was equipped w i t h  t h e  n e c e s s a r y  appur tenances  t o  

reproduce  and measure a l l  p e r t i n e n t  phenomena i n c l u d i n g  t i d a l  e leva-  

t i o n s ,  c u r r e n t  v e l o c i t i e s ,  waves, and sed iments  used i n  s h o a l i n g  t e s t s .  

Apparatus  used i n  connec t ion  w i t h  t h e  r e p r o d u c t i o n  and measu.rement of 

t h e s e  phenomena inc luded  a  t i d e  g e n e r a t o r  and r e c o r d e r ,  v e l o c i t y  

m e t e r s ,  wave g e n e r a t o r s ,  wave gages ,  and t i d a l  gages.  

Tide  g e n e r a t o r  

14. The model was equipped w i t h  a n  au tomat ic  t i d e  g e n e r a t o r  

des igned  and c o n s t r u c t e d  by t h e  U. S. Army Engineer Waterways Ex- 

per iment  S t a t i o n  (WES) and i s  shown sclzemat ical ly  i n  F i g u r e  6. The 

--- ELECTRIC LlNE 
-- AIR LlNE - - HYDRAULIC LlNE 

WATERLEVEL 1- 
ROLLERGATE AIL 

CONSTANT INFLOW 

F i g u r e  6. Automatic t i d e  g e n e r a t o r  



f i v e  major components of t h e  system were: 

a. The program cam. - 
b. The d i f f e r e n t i a l  a m p l i f i e r  and power supply.  - 
c .  The bubble tube  p o s i t i o n e r .  - 
d.  The hydraulic-pneumatic a m p l i f i e r .  - 
e .  The h y d r a u l i c  c y l i n d e r  and c o n t r o l  g a t e  assembly. - 

When t h e  d i f f e r e n t i a l  a m p l i f i e r  d e t e c t e d  a  d i f f e r e n c e  between t h e  w a t e r  

l e v e l  sensed by t h e  bubble tube  p o s i t i o n e r  and t h e  d e s i r e d  water  l e v e l  

i n d i c a t e d  by t h e  program cam, a  s i g n a l  was t r a n s m i t t e d  t o  t h e  h y d r a u l i c  

c y l i n d e r  t o  a l t e r  t h e  p o s i t i o n  of t h e  c o n t r o l  g a t e .  A feedback c o n t r o l  

loop  allowed t ime f o r  t h e  model t o  respond t o  t h e  change i n  g a t e  posi-  

t i o n  b e f o r e  t h e  n e x t  s i g n a l  was accep ted .  

V e l o c i t y  m e t e r s  

15. V e l o c i t i e s  of model t i d a l  c u r r e n t s  were measured w i t h  minia- 

t u r e  Pr ice- type c u r r e n t  mete r s  ( F i g u r e  7) .  The Pr ice- type meter cups  

F i g u r e  7. M i n i a t u r e  Pr ice- type c u r r e n t  meter 
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were abou t  0.04 f t  i n  d i a m e t e r ,  r e p r e s e n t i n g  4.0 f t  v e r t i c a l l y  i n  t h e  

p ro to type .  The c e n t e r  of t h e  cup was a b o u t  0.045 f t  from t h e  bottom of 

t h e  frame, r e p r e s e n t i n g  4.5 f t  i n  t h e  p r o t o t y p e .  I n  a  v e r t i c a l  p l a n e ,  

t h e  e n t i r e  meter occupied a  space  of abou t  3 by 7  f t  when s c a l e d  t o  t h e  

p r o t o t y p e .  

16. V e l o c i t i e s  i n  t h e  r e g i o n s  of wave-generated c u r r e n t s  were 

u s u a l l y  measured by t h e  u s e  of dye s i n c e  d e p t h s  were sha l low and t h e  f low 

was t u r b u l e n t .  Dye movement was timed w i t h  a  s topwatch over  s e l e c t e d  

d i s t a n c e s  marked on t h e  model bottom, and v e l o c i t i e s  were c a l c u l a t e d  

from t h e s e  measurements. 

Photographic  sys tem 

17. Sur face  c u r r e n t  v e l o c i t i e s  were  recorded  p h o t o g r a p h i c a l l y  by 

a  group of cameras mounted above t h e  w a t e r  s u r f a c e  of t h e  model, w i t h  

t h e i r  s h u t t e r s  t r i p p e d  s i m u l t a n e o u s l y  by a n  e l e c t r o n i c  t i m e r  t o  p r o v i d e  

a  t i m e  exposure  of c o n f e t t i  f l o a t  movement. An e l e c t r o n i c  s t r o b e  l i g h t  

was f l a s h e d  n e a r  t h e  end of each exposure  s o  t h a t  a b r i g h t  s p o t  was 

recorded n e a r  t h e  t i p  of t h e  f l o a t  s t r e a k ,  i n d i c a t i n g  t h e  d i r e c t i o n  oE 

movement. Lengths of s t r e a k s  shown on t h e  photographs  can be conver ted  

t o  v e l o c i t i e s  when used wi th  a  s c a l e  shown below each s e t  of photographs  

(Photos 1-59). 

Wave g e n e r a t o r s  

18. Wave a c t i o n  was reproduced i n  t h e  model w i t h  90-ft- long 

(upcoas t )  and 40-ft-long (downcoast) wave g e n e r a t o r s  l o c a t e d  a t  a p p r o p r i -  

a t e  a n g l e s  t o  t h e  s h o r e l i n e .  V e r t i c a l  p lunger- type wave g e n e r a t o r s  

( F i g u r e  8) were used and could  be a d j u s t e d  q u i c k l y  t o  g e n e r a t e  t h e  wave 

h e i g h t  and wave p e r i o d  r e q u i r e d .  

Automated Data A c q u i s i t i o n  
and C o n t r o l  System (ADACS) 

19. Th is  sys tem (designed a t  WES) was used t o  s e c u r e  wave h e i g h t  

d a t a  a t  s e l e c t e d  l o c a t i o n s  i n  t h e  model. Through t h e  use  of a mini-  

computer, ADACS recorded  on to  magnet ic  t a p e  t h e  e l e c t r i c a l  o u t p u t  of 

p a r a l l e l - w i r e ,  r e s i s t a n c e - t y p e  s e n s o r s  ( F i g u r e  9 ) .  These s e n s o r s  mea- 

su red  t h e  change i n  wa te r - sur face  e l e v a t i o n  w i t h  r e s p e c t  t o  time. The 

magnetic t a p e  o u t p u t  of ADACS t h e n  was ana lyzed  by computer. A  d e t a i l e d  



Figure  8. V e r t i c a l  plunger 
genera t o r  

wave 

F igure  9. Wave gage 
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d i s c u s s i o n  of t h i s  sys tem i s  found i n  Durham, Greer ,  and Whalin (1975). 

Tide gages 

20. T ida l - s tage  h i s t o r y  was measured by t h e  use  of an  e l e c t r o n i c  

system c o n s i s t i n g  of a t r a n s m i t t e r  (F igure  10) and a  r e c o r d e r  (Fig- 

u r e  11) w i t h  a  t e l e m e t e r i n g  c i r c u i t  c o n s i s t i n g  of two s e l s y n  motors ,  

one i n  t h e  t r a n s m i t t e r  and t h e  o t h e r  i n  t h e  r e c o r d e r ,  connected by a n  

e l e c t r i c a l  cab le .  The t i d a l  s t a g e  t r a n s m i t t e r ,  p o s i t i o n e d  over  t h e  

d e s i r e d  d a t a  g a t h e r i n g  p o i n t ,  measured t h e  wa te r - sur face  e l e v a t i o n  by 

means of a n  e l e c t r o n i c  s e n s i n g  probe and t r a n s m i t t e d  t h i s  e l e v a t i o n  

t o  a  r e c o r d e r  l o c a t e d  i n  a  c o n t r o l  o r  ins t rument  house.  An i n k  pen 

c o n t i n u o u s l y  recorded t h e  wa te r - sur face  e l e v a t i o n  on a c h a r t  t h a t  was 

F igure  10. Water l e v e l  t r a n s m i t t e r  of 
t i d e  gage 



F i g u r e  11. Water l e v e l  r e c o r d e r  of 
t i d e  gage 

t u r n e d  a u t o m a t i c a l l y  a t  a p r e s e t  r a t e  t o  g i v e  a p l o t  of wa te r - su r face  

e l e v a t i o n  a s  a  f u n c t i o n  of t ime.  P o r t a b l e  p o i n t  gages a l s o  were used 

t o  measure t i d a l  e l e v a t i o n s  a t  o t h e r  p o i n t s  a s  r e q u i r e d .  



PART 111: THE TESTING PROGRAM 

Hydrau l ic  T e s t s  

21. T e s t s  were d i v i d e d  i n t o  two c a t e g o r i e s .  The f i r s t ,  h y d r a u l i c  

t e s t i n g ,  focused on f low over  t h e  we i r  due t o  t i d a l  c u r r e n t s .  Two i n l e t  

t y p e s  were modeled, as d i s c u s s e d  i n  t h e  s e c t i o n  on model des ign .  Head 

d i f f e r e n c e s  a c r o s s  t h e  weir  and v e l o c i t i e s  over  t h e  weir  were measured 

and u n i t  d i s c h a r g e s  and f low volumes over  t h e  w e i r  were c a l c u l a t e d .  I n  

o r d e r  t o  s t u d y  t h e  e f f e c t  of v a r i o u s  e n t r a n c e  wid ths  on f low over  t h e  

w e i r ,  a  s e r i e s  of t e s t s  was r u n  i n  which t h e  e n t r a n c e  c r o s s - s e c t i o n a l  

area a t  t h e  oceanward end o f  t h e  j e t t y  was reduced. These d e t a i l e d  hy- 

d r a u l i c  t e s t s  were run  u s i n g  t h e  P lan  1 j e t t y  system shown i n  Fig- 

u r e s  12a and 12b. The w e i r  was p e r p e n d i c u l a r  t o  t h e  s h o r e  and t h e  

600-ft-long wei r  s e c t i o n  was i n i t i a t e d  a t  t h e  minus 10-f t  con tour .  

Th i s  weir  l o c a t i o n  was s e l e c t e d  i n  a n  a t t e m p t  t o  p rov ide  a  r e g i o n  f o r  

a  s t o r a g e  f i l l e t  t o  form upcoas t  of t h e  we i r  s e c t i o n  between t h e  minus 

10-f t  con tour  and t h e  i n i t i a l  w a t e r  l i n e  s o  t h a t  when waves from down- 

c o a s t  occurred t h e y  could  t r a n s p o r t  some m a t e r i a l  back upcoas t  and a t -  

tempt t o  r e s t r i c t  t h e  d e p o s i t i o n  b a s i n  t o  c a p t u r i n g  a s  n e a r  a s  p o s s i b l e  

t h e  n e t  d r i f t  r a t h e r  than  t h e  t o t a l  downcoast component of d r i f t .  Also 

i n c l u d e d  i n  t h e  h y d r a u l i c  p o r t i o n  of t e s t i n g  was a n  examinat ion of wave- 

induced c u r r e n t s  a long  t h e  u p c o a s t  j e t t y  and s h o r e l i n e  f o r  b o t h  t i d a l  

and n o n t i d a l  c o n d i t i o n s .  Var ious  upcoas t  j e t t y  s t r u c t u r e s  were i n v e s t i -  

g a t e d  i n  t h i s  phase of t e s t i n g .  

Beach Response T e s t s  

22. The second c a t e g o r y  of t e s t i n g  was beach response t e s t i n g ,  

wherein  a beach composed of a  t r a c e r  m a t e r i a l  was p laced  on t h e  c o n c r e t e  

model con tours .  The beach extended seaward t o  t h e  o u t e r  l i m i t  of t h e  

b r e a k e r  zone. During t e s t i n g ,  t r a c e r  m a t e r i a l  was f e d  a t  t h e  upcoas t  

end of t h e  beach,  and t r a c e r  movement was observed by survey ing  and 

photographing t h e  beach planform and measurement of t r a n s p o r t  o v e r  t h e  
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wei r .  T e s t s  were run  f o r  t h r e e  d i f f e r e n t  j e t t y  c o n f i g u r a t i o n s  which 

included f o u r  d i f f e r e n t  weir  s e c t i o n - s h o r e l i n e  a n g l e s .  The second and 

t h i r d  j e t t y  c o n f i g u r a t i o n s  a r e  seen i n  F i g u r e s  13a and 13b and 14a-f 

and a r e  i d e n t i f i e d  a s  P lan  2 and Plan 3 .  Plan 3 had f i v e  v a r i a t i o n s ,  

i n c l u d i n g  two weir a n g l e s  of 30 and 45 deg.  The Plan 2 weir a n g l e  was 

60 deg a s  was t h e  e n t i r e  j e t t y  s t r u c t u r e .  P lan  3 j e t t i e s  a l l  had an  

oceanward j e t t y  t r u n k  p e r p e n d i c u l a r  t o  s h o r e .  Th i s  was necessa ry  i n  

o r d e r  t o  accommodate such s m a l l  ang led  w e i r s .  A 45- o r  30-deg a n g l e  t h e  

e n t i r e  l e n g t h  of t h e  upcoas t  j e t t y  would ex tend  t o o  f a r  upcoast  t o  be 

p r a c t i c a l .  Thus, t h e s e  combinat ions  of we i r  a n g l e s  and j e t t y  t r u n k  

a n g l e s  seemed a p p r o p r i a t e  i n  o r d e r  t o  minimize a s  much a s  p o s s i b l e  t h e  

upcoast  e x t e n t  of the  j e t t y  system. I n  t h e  c a s e  of t h e  90- and 60-deg 

wei r  a n g l e s ,  i t  was f e l t  t h a t  a n  angled oceanward j e t t y  t r u n k  was neces- 

s a r y  t o  p rov ide  a p r o t e c t e d  r e g i o n ,  which was o f f s e t  from the  c h a n n e l ,  

f o r  t h e  d e p o s i t i o n  b a s i n .  Th is  would reduce  wave a c t i v i t y  i n  t h e  b a s i n  

resu l . t ing  from waves e n t e r i n g  between t h e  j e t t i e s  and a l s o  reduce t h e  

chance of t i d a l  c u r r e n t s  c u t t i n g  through t h e  b a s i n .  Plans  3A,  3 B ,  and 

3 D  involved s p u r  s t r u c t u r e s ,  which i n  t h e  c a s e  of 3 A  and 3B were t o  a i d  

i n  forming a  l a r g e  s t o r a g e  f i l l e t  o r  i n  t h e  c a s e  of 3 D  t o  a t t e m p t  t o  

reduce any tendency f o r  m a t e r i a l  t o  bypass  t h e  we i r  and move a long  t h e  

j e t t y  toward t h e  channel .  
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PART I V :  HYDRAULIC TESTING 

23. The model was c a p a b l e  of reproducing t h e  h y d r a u l i c s  of two 

t y p e s  of i n l e t s  ( s e e  model d e s i g n  s e c t i o n ) :  ( a )  a n  i n l e t  c h a r a c t e r -  

i z e d  by a Keulegan K o f  1.75, i n d i c a t i n g  t h a t  t h e  bay complete ly  f i l l s  

producing a  bay t i d e  curve  (compared w i t h  t h e  ocean t i d e  curve)  as shown 

i n  P l a t e  1 and (b)  an  i n l e t  wi th  K = 0.52 i n d i c a t i n g  t h e  bay o n l y  

p a r t i a l l y  f i l l s  and produces a  bay t i d e  curve  a s  shown i n  P l a t e  2. The 

importance of t h e s e  two i n l e t  t y p e s  i n  t h i s  s t u d y  l i e s  i n  t h e  d i f f e r -  

e n t  v e l o c i t y - t i d a l  e l e v a t i o n  r e l a t i o n s h i p s  t h a t  occur  f o r  t h e  two d i f -  

Eerent K v a l u e s .  For t h e  h i g h  K i n l e t s ,  t h e  head d i f f e r e n c e  between 

ocean and bay t i d e s  r e v e r s e s  n e a r  t imes  of h i g h  and low wate r ,  and 

t h e r e f o r e  t h e  f low r e v e r s e s  from f lood  t o  ebb o r  ebb t o  f lood  a t  t imes  

of h i g h  and low w a t e r ,  r e s p e c t i v e l y .  Also maximum f l o o d  and ebb c u r r e n t s  

i n  t h e  i n l e t  occur  a t  about  mid t ide .  For t h e  low K i n l e t ,  t h e  head 

d i f f e r e n c e  between ocean and bay t i d e s  r e v e r s e s  a t  t imes  c l o s e r  t o  

mid t ide .  Maximum f lood  and ebb c u r r e n t s  occur  a t  t imes  c l o s e r  t o  h i g h  

and low w a t e r ,  r e s p e c t i v e l y ,  t h a n  f o r  t h e  h i g h  K i n l e t s .  P l a t e s  3-8 

show v e l o c i t i e s  t aken  a t  gage l o c a t i o n s  1-6 ( s e e  F igure  4 f o r  l o c a t i o n s )  

i n  t h e  i n l e t  gorge and a t  t h e  oceanward end of t h e  j e t t i e s .  The s h i f t  

i n  v e l o c i t y  phase f o r  t h e  Plan 1A (low K )  i n l e t  r e l a t i v e  t o  t h e  P lan  1 

(h igh  K) i n l e t  is  shown. 

24. I n t e g r a t i o n  of f l o o d  and ebb v e l o c i t i e s  f o r  t h e  b a s i c  P lan  1 

and 1A c o n d i t i o n s  i n d i c a t e d  t h a t  t h e  t i d a l  prism f o r  Plan 1A was l a r g e r  

t h a n  t h a t  of P lan  1 by about  29 p e r c e n t .  Th i s  w a s  t h e  r e s u l t  of n o t  in-  

c r e a s i n g  F  ( i n l e t  impedance) enough ( s e e  paragraph 10) i n  o r d e r  t o  

o b t a i n  a  prism i n  e q u i l i b r i u m  w i t h  t h e  f i x e d  minimum a r e a .  However, 

r a t h e r  t h a n  c o n t i n u e  t r i a l  and e r r o r  t e s t i n g  t o  i n c r e a s e  F , i t  was 

f e l t  t h a t  t h e  pr imary purpose of t h e  change i n  K ( t o  i n v e s t i g a t e  

t h e  change i n  v e l o c i t y  phase with r e s p e c t  t o  wa te r  l e v e l )  co~al-d be  

ach ieved  wi thou t  a n  e x a c t  d u p l i c a t i o n  of t h e  t i d a l  prism. Also t h e  

t e s t i n g  concern ing  r e d u c t i o n  i n  e n t r a n c e  channe l  a r e a  a t  t h e  oceanward 

end would cause  t i d a l  prism changes which would have r e q u i r e d  e x t e n s i v e  

f r i c t i o n a l  ad jus tments .  A means of a d j u s t i n g  t h e  v e l o c i t i e s  f o r  d i r e c t  



comparison was developed and is d i s c u s s e d  later.  

25. P l a t e s  9 ,  10, and 11  show t i d a l  e l e v a t i o n s  a t  v a r i o u s  loca- 

t i o n s  i n  t h e  model ( s e e  F i g u r e  4  f o r  l o c a t i o n s ) .  Gages 10 and 11 show 

t h e  changes i n  bay t i d e s  between P lans  1  and 1A. Gages 4 ,  5 ,  and 6  a t  

t h e  i n l e t  t h r o a t ,  gage 2 a t  t h e  j e t t y  t i p ,  and gages  7 and 8 a t  t h e  we i r  

show s m a l l e r  r e d u c t i o n s  f o r  t h e  Plan 1 A  c o n d i t i o n .  Gage 9 ,  a c o n t r o l  

gage,  i n d i c a t e s  t h e  ocean t i d e s  f o r  t h e  two t e s t s  were similar. 

Flow Over t h e  Weir 

26. De ta i l ed  t e s t i n g  of f low over  t h e  we i r  was conducted f o r  t h e  

P l a r  1 and 1 A  j e t t y  sys tem f o r  t i d a l  Elow c o n d i t i o n s  s i m u l a t i n g  a  5 - f t  

ocean t i d e  range w i t h  t h e  we i r  e l e v a t i o n s  a t  mean t i d e  l e v e l  (mt l ) .  

Weir widths  were 610 and 300 f t ,  wi th  t h e  l a t t e r  achieved by c l o s i n g  o f f  

t h e  oceanward s i d e  of t h e  we i r .  A f t e r  t h e  i n i t i a l  t e s t i n g  f o r  t h e  

Plan 1 and 1A c o n d i t i o n s ,  t h e  c r o s s - s e c t i o n a l  a r e a  a t  t h e  j e t t y  t i p s  was 

reduced s i n c e  t h e r e  a r e  many p o s s i b i l i t i e s  of v a r i o u s  c r o s s - s e c t i o n a l  

a r e a s  i n  t h i s  r e g i o n  of a j e t t y  system ( i . e . ,  dependent upon s h o r e  

bottom s l o p e ,  e x i s t i n g  s h o a l s ,  and channel  d imensions) .  R a t i o s  of a r e a  

a t  t h e  j e t t y  t i p  t o  t h e  a r e a  a t  t h e  i n l e t  gorge ( t h e  minimum c r o s s -  

s e c t i o n a l  a r e a  of t h e  e n t r a n c e  channel)  were 1.48 (wi th  no r e d u c t i o n  i n  

a r e a  a t  t h e  j e t t y  t i p ) ,  1.03, and 0.77. These r e d u c t i o n s  changed t h e  

i n l e t  h y d r a u l i c s ,  producing new Keulegan K v a l u e s .  

T i d a l  e l e v a t i o n s  and head 
d i f f e r e n c e s  a c r o s s  w e i r  

27. T i d a l  e l e v a t i o n s  were c o l l e c t e d  above t h e  we i r  c r e s t  and a t  

gages  7 and 8 ,  l o c a t e d  100 f t  ( I  f t  i n  model) on t h e  oceans ide  and bay- 

s i d e  of t h e  c e n t e r  of t h e  we i r  s e c t i o n ,  Bay t i d e s  were monitored t o  de- 

termine t h e  change i n  i n l e t  h y d r a u l i c s ,  Head d i f f e r e n c e s  a c r o s s  t h e  we i r  

between gages 7 and 8  a r e  p l o t t e d  i n  F i g u r e s  15 and 16 f o r  t h e  Plan 1 and 

1A c o n d i t i o n s ,  r e s p e c t i v e l y .  F i g u r e s  15 and I 6  show t h a t  a s  t h e  j e t t y  

e n t r a n c e  is r e s t r i c t e d  and Keulegan K reduced,  t h e  head d i f f e r e n c e  

a c r o s s  t h e  we i r  i s  i n c r e a s e d  and o c c u r s  f o r  a  l o n g e r  pe r iod .  Flow o v e r  

t h e  w e i r  starts j u s t  a f t e r  0.25 of t h e  t i d a l  c y c l e ,  when t h e  t i d a l  
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e l e v a t i o n  i s  j u s t  above 0.0 m t l .  Flow s t o p s  about  0.70, j u s t  b e f o r e  t h e  

ocean t i d a l  e l e v a t i o n  h a s  f a l l e n  t o  0.0 m t L .  Tab le  1 shows t h e  Keulegan 

K v a l u e  f o r  each c o n d i t i o n  a s  determined from t h e  r a t i o  of bay t o  ocean 

t i d e  range i n  c o n c e r t  wi th  F i g u r e  5. Comparisons between Plan 1 and 1 A  

tests ( F i g u r e s  15 and 16) show t h a t  a s  t h e  Keulegan K v a l u e  was reduced,  

f l o o d  f low head d i f f e r e n c e s  i n c r e a s e d  i n  magnitude and d u r a t i o n  w h i l e  

ebb f l o w  head d i f f e r e n c e s  decreased  i n  magnitude and and d u r a t i o n .  

Among t h e  i n d i v i d u a l  p lan  t e s t s ,  P lan  l t e s t s  showed some v a r i a t i o n s  

i n d i c a t i n g  s l i g h t  n e g a t i v e  head i n c r e a s e s  w i t h  r e d u c t i o n  i n  j e t t y  opening.  

The d a t a  show t h a t  r e d u c t i o n  i n  w e i r  l e n g t h  d i d  n o t  produce s i g n i f i c a n t  

d i f f e r e n c e s  i n  t i d a l  e l e v a t i o n s  and head d i f f e r e n c e s  a c r o s s  t h e  we i r .  

I n  t h e  i n i t i a l  d i s c u s s i o n  of v e l o c i t i e s  over  t h e  w e i r ,  t h e  b a s i c  Plan 1 

and 1 A  v e l o c i t y  c o n d i t i o n s  ( i , e . ,  no r e d u c t i o n  i n  a r e a  a t  t h e  j e t t y  

t i p s )  a r e  compared. 

T i d a l  v e l o c i t i e s  a c r o s s  we i r  

28. V e l o c i t i e s  a c r o s s  t h e  w e i r  were s t u d i e d  by u s e  of paper  

f l o a t s  due t o  t h e  l i m i t e d  dep th  over  t h e  we i r  s e c t i o n .  V e l o c i t i e s  were 

measured every  100 f t  ( 1  f t  i n  model) a l o n g  t h e  weir .  It was noted t h a t  

t i d a l  f low over  t h e  we i r  was un i fo rmly  d i s t r i b u t e d  a c r o s s  t h e  width .  

F i g u r e  17 shows t h e  average  v e l o c i t i e s  and u n i t  d i s c h a r g e s  over  t h e  w e i r  

f o r  t h e  b a s i c  Plan 1 and 1A c o n d i t i o n s  d u r i n g  t h e  p e r i o d  of t i d a l  f low 

o v e r  t h e  we i r .  The u n i t  d i s c h a r g e s  were c a l c u l a t e d  by m u l t i p l y i n g  t h e  

average  v e l o c i t y  by t h e  f low a r e a  above t h e  we i r  a t  a  g iven  t i d e  s t a g e ,  

t h e n  d i v i d i n g  by t h e  l e n g t h  of t h e  w e i r ,  o r  s i m p l i f y i n g  t h i s ,  t h e  u n i t  

d i s c h a r g e  i s  e q u a l  t o  t h e  a v e r a g e  v e l o c i t y  m u l t i p l i e d  by t h e  dep th  over  

t h e  we i r  c r e s t  a t  a given t ime. A s  impl ied by t h e  p rev ious  examinat ion 

of head d i f f e r e n c e s ,  f lood  v e l o c i t i e s  f o r  t h e  h i g h  K i n l e t  (K = 1.75) 

o c c u r r e d  f o r  a  pe r iod  j u s t  over  0.2 of a  t i d a l  c y c l e ,  ending j u s t  a f t e r  

h i g h  wate r  i n  t h e  ocean. Peak average  f l o o d  v e l o c i t i e s  were 3.0 f p s .  

Ebb f low d u r a t i o n  was 0.2 of a t i d a l  c y c l e  f o r  t h e  base  h igh  K i n l e t  

w i t h  a peak average  v e l o c i t y  of 0.9 f p s .  The low K i n l e t  v e l o c i t y  

measurements i n d i c a t e d  a  f l o o d  c u r r e n t  d u r a t i o n  of 0.35 of a t i d a l  c y c l e  

w i t h  maximum average  c u r r e n t s  o f  3.6 f p s .  The above maximums a r e  n o t  

d i r e c t l y  r e l a t a b l e  s i n c e  t h e  low K i n l e t  had a  s l i g h t l y  l a r g e r  t i d a l  
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Figure 17. Average v e l o c i t i e s  and u n i t  d i scharges  
over weir  (Plans 1 and 1A) 

prism than t h e  h igh  K i n l e t .  An adjustment t o  t h e  v e l o c i t i e s  making 

them d i r e c t l y  r e l a t a b l e  may be based on Keulegan's (1967) express ion  

wi th  
3 

Qm = maximum discharge ,  f t  / s ec  

T = 3.1416 

C = dimensionless  number, a func t ion  of t h e  Keulegan K 

This can be w r i t t e n  

CTP v = -  
m TAc 



with  

V = maximum average v e l o c i t y ,  f p s  
m 

V i s  d i r e c t l y  p ropor t iona l  t o  P  and making t h e  assumption t h a t  
m 'm 

a p p l i e s  t o  flow over t h e  weir a s  we l l  as f low through t h e  i n l e t  channel,  

v e l o c i t i e s  can be ad jus t ed  by propor t ion  of t h e  measured t i d a l  prisms. 

The Plan 1 v e l o c i t y  i s  used a s  t h e  r e f e rence  v e l o c i t y  s i n c e  t h e s e  veloc- 

i t i e s  a r e  i n  agreement wi th  an equi l ibr ium i n l e t .  Table 1 shows t h e  

ad jus ted  v e l o c i t i e s  f o r  a l l  t e s t i n g .  V f o r  Plan 1 A  base condi t ion  m 
a d j u s t s  from 3.6 f p s  t o  2.8 f p s  f o r  f lood  flow and from 0.6 t o  0.5 f p s  

on ebb flow. 

29. The width a t  t h e  j e t t y  t i p s  w a s  incrementa l ly  reduced from 

1200 f r  t o  800 f t  t o  600 f t  producing r a t i o s  of t h e  a r ea  a t  t h e  j e t t y  

t i p s  t o  t h e  minimum c ross - sec t iona l  a r e a  a t  t h e  i n l e t  gorge, bayward of 

t h e  weir  s e c t i o n ,  of i .48,  1.03, and 0.77, r e spec t ive ly .  This  was done 

i n  order  t o  s imula te  a reduct ion  i n  en t r ance  channel a r e a  oceanward of 

t h e  weir  s e c t i o n  which might occur n a t u r a l l y  due t o  shoa l ing  o r  o t h e r  

channel a r e a  c o n s t r a i n t s .  P l a t e s  12 through 16 show t h e  a c t u a l  averaged 

v e l o c i t y  measurements over t h e  weir  during t h e  t i d a l  cyc l e  f o r  t h e  v a r i -  

ous t e s t s .  The average v e l o c i t y  over t h e  weir  was determined by averag- 

i n g  the  v e l o c i t i e s  which were taken every 50 f t  (0.5 f t  f o r  t h e  model) 

a long t h e  e n t i r e  weir c r e s t .  Also shown a r e  t h e  water  s u r f a c e  eleva- 

t i o n s  a t  t he  weir  c r e s t .  The p l a t e s  show t h a t  a s  K decreases ,  t h e  

du ra t ion  of f lood  flow is  lengthened and ebb flow decreased. F igure  18 

shows the  peak average v e i o c i t y  p l o t t e d  a g a i n s t  Keulegan K wi th  group- 

ing  by ebb and f lood  flows and by a r e a  r a t i o s .  A s  t h e  a r e a  r a t i o  is  

reduced, ebb and f lood v e l o c i r i e s  over t he  weir a r e  increased.  The 

dependence of maximum v e l o c i t y  on K f o r  given r a t i o s  seems t o  i n c r e a s e  

s l i g h t l y  a s  t he  a r e a  r a t i o  becomes lower. A nondimensionalizing of 

Figure 18 i n  F igure  19 p re sen t s  a  more gene ra l  and poss ib ly  more u s e f u l  

p l o t  with a  ( t i d e  amplitude) included a s  a  v a r i a b l e .  This graph 
0 

should be used wi th  caut ion  s i n c e  only one va lue  of a  was t e s t e d .  
0 

30. Figure 20 is  a  dimensionless p i o t  cha t  i n d i c a t e s  cha t  a s  soon 

a s  A1/A2 ab/ao < 1.0 , v e l o c i t i e s  i nc rease  a t  a  r ap id  r a t e .  This  is 

due t o  a  change i n  t he  con t ro l  c ros s  s e c t i o n  from t h e  i n l e t  gorge t o  t h e  
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0 

j e t t y  t i p s .  A s  t h i s  o c c u r s ,  t h e  r e g i o n  behind t h e  w e i r  and between t h e  

j e t t i e s  responds more l i k e  t h e  a d j a c e n t  bay c r e a t i n g  g r e a t e r  head d i f -  

f e r e n t i a l s  over  t h e  w e i r ,  t h u s  i n c r e a s i n g  v e l o c i t i e s ,  

31. Table  2 shows t h e  peak u n i t  d i s c h a r g e s ,  q , f o r  each t e s t  

c o n d i t i o n .  These d a t a  show t h a t  f o r  a g iven  A1/A2 r a t i o ,  t h e  lower K 

v a l u e s  have a  g r e a t e r  f l o o d  q and a s m a l l e r  ebb q than  t h e  h i g h e r  K 

i n l e t s  (because  peak f l o o d  f lows  f o r  lower K i n l e t s  occur  a t  h i g h e r  

HIGH K INLETS 

LOW K INLETS 

- 

water l e v e l s  and peak ebb f lows f o r  lower K i n l e t s  occur  a t  lower wa te r  
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l e v e l s ) .  This  t r a n s l a t e s  t o  h i g h e r  f l o o d  f low volumes over  a  g iven  wei r  

e l e v a t i o n  f o r  lower K i n l e t s  a s  seen  i n  t h e  t a b l e .  Table  2  a l s o  shows 

r a t i o s  of ebb f low volumes t o  f l o o d  f low volumes. For t h e  h i g h e r  K in -  

l e t s ,  a s  Al /A2  
i s  reduced,  t h e r e  is  g r e a t e r  p r o p o r t i o n  of ebb f low over  

t h e  w e i r .  This  i s  n o t  seen  f o r  t h e  low K i n l e t s  s i n c e  ebb f low volumes 

a r e  a l r e a d y  minimized due t o  t h e i r  occur rence  n e a r  low wate r  i n  t h e  ocean 

and t h e  e f f e c t  of t h e  mean s e a  l e v e l  w e i r ,  c u t t i n g  o f f  f low b e f o r e  a 



maximum can be r e a l i z e d .  F i n a l l y  t h e  l a s t  column of Table  2  shows t h e  

r a t i o  of f l o o d  f low volume over  t h e  weir t o  t h e  t o t a l  t i d a l  prism of t h e  

i n l e t .  The maximum v a l u e  is  0.047 o r  4.7 p e r c e n t  of t h e  t i d a l  p r i sm,  a  

f a i r l y  low percen tage .  Other model s t u d i e s  a t  WES have shown a per-  

cen tage  f o r  f l o o d  f low over  t h e  we i r  of 7 p e r c e n t  a t  Masonboro I n l e t  

and 15 p e r c e n t  f o r  L i t t l e  R iver  I n l e t  ( a  dual-weir  d e s i g n ) .  

32. Head d i f f e r e n c e s  f o r  t h e  P lan  2  w e i r  j e t t y  (F igure  13) showed 

very  l i t t l e  change from t h e  b a s i c  Plan 1 measurements shown i n  P l a t e  17 

and a s  a r e s u l t ,  v e l o c i t i e s  were very s i m i l a r  (compare P l a t e s  12 and 

18). Because of t h i s  s i m i l a r i t y ,  no d e t a i l e d  t e s t s  were conducted f o r  

t h e  o t h e r  p l a n s  s i n c e  i t  was f e l t  t h a t  o n l y  minor changes would occur  

f o r  similar h y d r a u l i c  c o n d i t i o n s .  P l a t e  18 a l s o  shows t h e  e f f e c t  of 

lowering t h e  w e i r  e l e v a t i o n  t o  -1.0 f t  below m t l  f o r  Plan 2. The peak 

v e l o c i t y  was i n c r e a s e d  from 2.9 f p s  t o  3.8 f p s ,  bu t  t h e  i n c r e a s e d  ve loc-  

i t y  o n l y  occur red  over  a  1-hr p e r i o d ,  w i t h  v e l o c i t i e s  a t  o t h e r  t imes  

c l o s e  t o  t h o s e  f o r  t h e  0.0-mtl w e i r .  An i n c r e a s e  i n  f low a r e a  due  

t o  a lower we i r  (-1.0 m t l )  c o n t r i b u t e s  t o  i n c r e a s e d  peak u n i t  q and 

t o t a l  f low volume by a  f a c t o r  of 1.4, n e g l e c t i n g  v e l o c i t y  i n c r e a s e s .  

Flow P a t t e r n s  f o r  t h e  J e t t y  Systems 

33. Th is  s e c t i o n  d i s c u s s e s  t h e  f l o w  f i e l d s  around t h e  o v e r a l l  

j e t t y  sys tems due t o  e i t h e r  t i d a l  c u r r e n t s  o r  wave-generated c u r r e n t s  o r  

a  combinat ion of both .  The f low p a t t e r n s  were s t u d i e d  i n  two ways. The 

f i r s t  method used photography i n  which a  4-sec exposure  was made of t h e  

wa te r  s u r f a c e  covered wi th  c o n f e t t i .  Th i s  produced s t r e a k s  of movement 

r e p r e s e n t i n g  s u r f a c e  c u r r e n t  p a t t e r n s .  The second method c o n s i s t e d  of 

i n j e c t i n g  dye a t  g iven l o c a t i o n s  and t iming  i t s  movement over  a  known 

d i s t a n c e  w i t h  a  stopwatch.  These measurements were g e n e r a l l y  c o n s i d e r e d  

t o  be a t  middepth of t h e  wa te r  column and a r e  p resen ted  g r a p h i c a l l y  as 

v e l o c i t y  v e c t o r s .  

34. S u r f a c e  c u r r e n t  photographs  were t aken  a t  each 0.1-increment 

of t h e  t i d a l  c y c l e ,  but  o n l y  photographs  of 0.2, 0.4, 0.6, 0.8, and 0.0 

p a r t s  of t h e  t i d a l  c y c l e  a r e  p r e s e n t e d  i n  t h i s  r e p o r t .  Low w a t e r  i n  



t h e  ocean was a t  0.0 and h igh  w a t e r  occur red  a t  0.5. Each photograph in -  

d i c a t e s  whether f lood  o r  ebb f low is o c c u r r i n g .  Also,  n e a r  t h e  end of 

each exposure  a  s t r o b e  l i g h t  was f l a s h e d  t o  produce a b r i g h t  s p o t  a l o n g  

t h e  t r a j e c t o r y  of t h e  s u r f a c e  f l o a t  which would g i v e  a n  i n d i c a t i o n  of 

d i r e c t i o n .  

35. The i n i t i a l  d i s c u s s i o n  f o c u s s e s  on t i d a l  v e l o c i t i e s .  

Photos 1-20 show s u r f a c e  c u r r e n t s  f o r  P lans  1, lA, 2, and 3 ,  i n  t h a t  

o r d e r .  A c r i t e r i o n  t o  c o n s i d e r  when e v a l u a t i n g  t h e  d a t a  i s  t h e  d e s i r -  

a b i l i t y  of main ta in ing  t h e  major p o r t i o n  of ebb f low and f l o o d  f l o w  

w i t h i n  t h e  n a v i g a t i o n  channel  i n  o r d e r  t o  p rov ide  t h e  l e a s t  i n t e r f e r e n c e  

t o  t h e  d e p o s i t i o n  b a s i n  where sediment  shou ld  remain u n t i l  dredged. I f  

t i d a l  f lows meandered from t h e  channe l  i n t o  t h e  b a s i n ,  sediment might be 

eroded and r e d e p o s i t e d  i n  t h e  channel .  

T ida l - sur face  c u r r e n t s  

36. Comments concerning each photograph a r e  l i s t e d  below, a f t e r  

which f u r t h e r  d i s c u s s i o n  w i l l  fo l low.  See t h e  photograph f o r  test 

c o n d i t i o n s .  

Photo 
P lan  No. -- Comment 

1 1 Flood c u r r e n t  migrated i n t o  t h e  d e p o s i t i o n  b a s i n  b e f o r e  
f low over  w e i r  began.  

2 Plow e n t e r i n g  between t h e  j e t t i e s  was c o n c e n t r a t e d  i n  
t h e  channe l ,  as f l o o d  f l o w  over  t h e  we i r  had begun, 
Flow over  t h e  i n n e r  one-half  of t h e  w e i r  was d i r e c t e d  
toward t h e  bay,  Flow over  t h e  o u t e r  one-half of t h e  
weir  f i r s t  t u r n e d  seaward,  then  was e n t r a i n e d  wi th  t h e  
channel  f l o o d  c u r r e n t ;  f l o w  approaching t h e  j e t t y  
from upcoast  was s p l i t  abou t  one- th i rd  t h e  d i s t a n c e  
down t h e  o u t e r  l e g  o f  t h e  j e t t y .  The i n n e r  t h i r d  ap- 
proached t h e  we i r  w h i l e  t h e  o u t e r  p o r t i o n  e n t e r e d  
between t h e  j e t t y  t i p s .  

3 E a r l y  ebb f low showed no f low over  t h e  we i r  b u t  a  
s l i g h t  d e f l e c t i o n  of t h e  ebb jet  toward t h e  i n s i d e  of 
t h e  upcoast  j e t t y .  

4 Near peak ebb f low c u r r e n t s  were e x i t i n g  f a i r l y  
uniformly through t h e  channe l  excep t  f o r  a  s l i g h t  de- 
f l e c t i o n  of t h e  ebb j e t  toward t h e  i n s i d e  of t h e  
upcoas t  j e t t y .  

5  La te  i n  t h e  ebb,  f low was c o n c e n t r a t e d  i n  t h e  channe l .  



Photo 
Plan No. -- Comment 

1A 6 As a  r e s u l t  of t h e  change i n  i n l e t  h y d r a u l i c s  ( s m a l l e r  
K) t h e  P lan  1 A  f l o o d  v e l o c i t i e s  were j u s t  s t a r t i n g  and 
c o n c e n t r a t e d  n e a r  t h e  upcoas t  j e t t y  s i n c e  t h e  momentum 
of t h e  ebb c u r r e n t s  i n  t h e  main channel  had impeded 
e a r l y  f l o o d  f low i n  t h a t  r e g i o n .  

1A 7  Flood f low i n  t h e  main n a v i g a t i o n  channel  was w e l l  
a l i g n e d .  

1 A 8 Flood f low w a s  w e l l  a l i g n e d  w i t h  t h e  channel  and f low 
over  weir  was s t i l l  o c c u r r i n g .  

1A 9  Ebb f low was w e l l  a l i g n e d  w i t h  t h e  channel  excep t  f o r  
a  s m a l l  d e f l e c t i o n  toward t h e  o u t e r  p o r t i o n  of t h e  
upcoas t  j e t t y .  An eddy r e g i o n  e x i s t e d  over  t h e  
d e p o s i t i o n  b a s i n ,  

1A 10 Ebb f low was w e l l  conf ined  t o  t h e  channel .  

2 11 Some movement of e a r l y  f l o o d  f low toward t h e  b a s i n  
was s e e n ,  though n o t  a s  much a s  w i t h  Plan 1 (Photo 1).  

2  12 Flow over  t h e  we i r  had begun and tended t o  t u r n  ocean- 
ward, t h e n  bayward a s  i t  became e n t r a i n e d  w i t h  f low i n  
t h e  n a v i g a t i o n  channel .  Ocean f low approaching t h e  
w e i r  was s i m i l a r  t o  t h a t  of Plan 1 (Photo 2 ) .  Note 
low v e l o c i t i e s  a long  b e a c h l i n e .  

2  13 E a r l y  ebb c u r r e n t s  were a l i g n e d  f a i r l y  w e l l  wi th  
t h e  channel .  

2  14 Ebb f low was w e l l  a l i g n e d  w i t h  t h e  channel .  No move- 
ment over  t h e  b a s i n  was o c c u r r i n g .  

2  15 Same comment a s  f o r  Photo 14. 

3 16 E a r l y  f l o o d  c u r r e n t s  e n t e r e d  t h e  channe l  uniformly.  

3  17 Flow o v e r  t h e  weir was o c c u r r i n g ,  f lowing bayward 
i n t o  channel .  

3  18 During e a r l y  ebb f low some f low w a s  d i v e r t e d  from t h e  
channe l  t o  t h e  o u t e r  p o r t i o n  of t h e  we i r  and oceanward. 
The o u t e r  p o r t i o n  of t h e  we i r  was c l o s e r  t o  t h e  channel 
t h a n  t h e  Plan 1 o r  2  we i r .  This  f low,  however, occur red  
o n l y  i n  t h e  o u t e r  c o r n e r  of t h e  d e p o s i t i o n  bas in .  

3  19 Ebb f low was t o t a l l y  conf ined  t o  t h e  main channel .  

3  20 Same comment a s  f o r  Photo 19. 

I n  summary, t h e s e  photographs  i n d i c a t e  t h a t  t h e  Plan 3 system provided 

t h e  b e s t  c o n c e n t r a t i o n  of ebb and f l o o d  c u r r e n t s  i n  t h e  channel ,  b u t  

was t h e  o n l y  c a s e  where e a r l y  n o t i c e a b l e  ebb c u r r e n t s  flowed over  t h e  



wei r  s e c t i o n  s i n c e  t h e  o u t e r  p o r t i o n  of t h e  we i r  was c l o s e r  t o  t h e  chan- 

n e l .  It a p p e a r s  t h a t  t h e  lower K i n l e t  o f  P lan  1A shows b e t t e r  f low 

al ignment  t h a n  t h a t  of t h e  Plan 1 i n l e t .  T h i s  i s  e a s i l y  exp la ined  f o r  

ebb v e l o c i t i e s  by t h e  f a c t  t h a t  ebb c u r r e n t s  occur  a t  lower wa te r  l e v e l s  

f o r  low K i n l e t s  than  h igh  K i n l e t s  and t h e  c u r r e n t s  would tend t o  

be conf ined  more by t h e  channel .  

Sur face  c u r r e n t s  
due t o  t i d e  and waves 

37. Photos 21-59 show b o t h  t i d a l  c u r r e n t s  and wave-generated 

c u r r e n t s  i n  t h e  v i c i n i t y  of t h e  j e t t y  sys tems.  Waves of 10-sec p e r i o d  

(1  s e c  i n  model) were used i n  each case .  Exact t e s t  c o n d i t i o n s  a r e  

l i s t e d  on each photograph. The f low t r a j e c t o r i e s  appear  r i p p l e d  due t o  

t h e i r  movement by t h e  waves. S ince  t h e  waves were 1  s e c  i n  pe r iod  and 

t h e  exposure was 4 s e c ,  each s t r e a k  h a s  4 bumps. It should be emphasized 

t h a t  t h e s e  a r e  s u r f a c e  c u r r e n t s .  In t h e  r e g i o n  of t h e  b r e a k e r s ,  t h e  

s u r f a c e  f l o a t s  o c c a s i o n a l l y  were caught  i n  t h e  b reak ing  wave c r e s t  and 

d i d  n o t  f o l l o w  t h e  a c t u a l  longshore  c u r r e n t .  Outs ide  t h e  b r e a k e r  zone,  

t h e  f l o a t  t r a j e c t o r i e s  a r e  cons idered  r e p r e s e n t a t i v e  of v e l o c i t y  d i r e c -  

t i o n  throughout  t h e  wa te r  column. Two wave h e i g h t s  of 5  f t  and 10 f t  

(0.05 f t  and 0 ,10 f t  i n  model, r e s p e c t i v e l y )  were chosen t o  be repro-  

duced f o r  t h e  10-sec pe r iod .  The 5 - f t  wave was cons idered  a  minimum 

h e i g h t  wave t o  reproduce f o r  t h e  given model s c a l e  t o  ensure  good 

t u r b u l e n t  b r e a k i n g  c o n d i t i o n s ,  Also t h e  wave s t e e p n e s s  of 0,010 ( f o r  

t h e  10-sec, 5 - f t  wave) i s  a  commonly o c c u r r i n g  s t e e p n e s s  on most sea-  

c o a s t s  r e p r e s e n t i n g  a  s w e l l  c o n d i t i o n .  While t h e  s t e e p n e s s  of t h e  

10-Et, 10-see wave o f  0.20 i s  no t  c o n s i d e r e d  a very  s t e e p  wave by most 

c r i t e r i a ,  i t s  s i z e  should r e p r e s e n t  more s t o r m l i k e  c o n d i t i o n s .  Un- 

f o r t u n a t e l y ,  more wave c o n d i t i o n s  could  n o t  be reproduced due t o  t ime 

and budgetary  l i m i t a t i o n s .  Comments on t h e  photographs  fo l low:  

Photo 
P lan  No. -- Comment 

1 21 There was a  s t r o n g  c i r c u l a t i o n  p a t t e r n  upcoast  of t h e  
we i r  j e t t y ,  due t o  t h e  10- f t  wave with 2- t o  3-fps 
v e l o c i t i e s  over  t h e  we i r  and 3-fps c u r r e n t s  a long  t h e  
oceanward f a c e  of t h e  w e i r  j e t t y .  Also,  t h e  f l o o d  



Photo 
P lan  No. -- Comment 

c u r r e n t s  e n t e r i n g  between t h e  j e t t i e s  were d e f l e c t e d  
toward t h e  downcast j e t t y .  

Sur face  c u r r e n t s  a long  t h e  oceanward f a c e  of t h e  up- 
c o a s t  j e t t y  were reduced s l i g h t l y  s i n c e  t h e  t i d e  
e l e v a t i o n  had r i s e n  and f low over  t h e  we i r  was occur- 
r i n g .  While t h e  photograph shows few t r a j e c t o r i e s  over  
t h e  w e i r ,  t h e r e  was s i g n i f i c a n t  flow. Waves b reak ing  
o v e r  t h e  we i r  made i t  d i f f i c u l t  t o  main ta in  s u r f a c e  
f l o a t s  i n  t h i s  r eg ion .  There was a  c lockwise  eddy i n  
t h e  n e a r s h o r e  upcoas t  r e g i o n  a d j a c e n t  t o  t h e  w e i r  j e t t y .  

Ebb f low had begun and t h e r e  were s i g n i f i c a n t  o f f s h o r e  
c u r r e n t s  ( 3  t o  4 f p s )  a d j a c e n t  t o  t h e  upcoas t  j e t t y .  
There w a s  no d e f l e c t i o n  of ebb c u r r e n t s  from t h e  bay 
toward t h e  d e p o s i t i o n  b a s i n  as t h e r e  was Eor t h e  no- 
wave c o n d i t i o n ;  however, t h e r e  was a  d e f l e c t i o n  of 
channel  c u r r e n t s  toward t h e  o u t e r  l e g  of t h e  upcoast  
j e t t y .  Also,  t h e r e  were v e l o c i t i e s  of 3  f p s  on t h e  
oceanward s i d e  of t h e  we i r  f lowing p a r a l l e l  t o  t h e  we i r .  

P a t t e r n s  f o r  t h i s  ebb f low c o n d i t i o n  were similar t o  
t h o s e  d e s c r i b e d  f o r  Photo 23. 

A s  t h e  end of ebb f low neared ,  t h e  ebb c u r r e n t s  were 
somewhat conf ined  t o  t h e  downcoast s i d e  of t h e  channel .  
Wave genera ted  c u r r e n t s  were sti.Ll s t r o n g  a long  t h e  
o u t s i d e  of t h e  upcoas t  j e t t y .  

E a r l y  i n  t h e  f l o o d  f low t h e  main channel  f low was 
s h i f t e d  toward t h e  upcoas t  s i d e  of t h e  sys tem by t h e  
c u r r e n t s  g e n e r a t e d  by waves from t h e  downcoast d i r e c -  
t i o n  and t h e  wave-generated c u r r e n t s  rounding t h e  
downcoast j e t t y  and p e n e t r a t i n g  i n t o  t h e  channel .  A 
coun te rc lockwise  c i r c u l a t i o n  c e l l  was l o c a t e d  upcoas t  
of t h e  we i r  j e t t y  from t h e  wei r  s e c t i o n  shoreward.  
Oceanward, a l o n g  t h e  o u t e r  s e c t i o n  of t h e  w e i r  j e t t y ,  
s u r f a c e  c u r r e n t s  were genera ted  shoreward and g r a d u a l l y  
merged i n t o  t h e  upcoast  longshore  d r i f t .  

P a t t e r n s  similar t o  t h o s e  i n  Photo 26 were s e e n  f o r  
t h i s  c o n d i t i o n ,  which i s  l a t e r  d u r i n g  f l o o d  flow. Flow 
over  t h e  we i r  and i n t o  t h e  b a s i n  appeared n e g l i g i b l e  
(compare w i t h  Photo 2 ,  t ide -on ly  c o n d i t i o n ) .  

Ear ly  ebb f low w a s  conf ined  a g a i n s t  t h e  downcoast 
j e t t y  and eddying c u r r e n t  p a t t e r n s  e x i s t e d  over  t h e  
d e p o s i t i o n  b a s i n .  

Ebb f low was s i m i l a r  t o  t h a t  i n  Photo 28. The f low 
p a t t e r n  upcoas t  of t h e  j e t t y  sys tem was d i r e c t e d  



Plan  - 
Photo 
No. Comment 

upcoas t  e x c e p t  a t  t h e  shoreward c o r n e r  of t h e  w e i r  
j e t t y  where a counte rc lockwise  eddy s t i l l  e x i s t e d .  

L a t e  ebb f low i n  t h e  channe l  moved c l o s e  t o  t h e  down- 
c o a s t  j e t t y .  Slow eddy c u r r e n t s  e x i s t e d  o v e r  t h e  
bas in .  

Upcoast waves d u r i n g  t h i s  e a r l y  f l o o d  p e r i o d  i n c r e a s e d  
c u r r e n t  a c t i v i t y  i n  f r o n t  of t h e  we i r  due t o  t h e  
incoming longshore  c u r r e n t  when compared w i t h  t h e  t i d e -  
on ly  c o n d i t i o n  (Photo 11) .  

Plow over  t h e  w e i r  was d i r e c t e d  more toward t h e  bay 
e n t r a n c e  t h a n  f o r  t h e  no-wave c o n d i t i o n  (Photo 12) .  

Flow p a t t e r n s  f o r  t h e  5-ft-wave c o n d i t i o n  were f a i r l y  
similar t o  t h e  t ide -on ly  photograph excep t  f o r  t h e  
longshore  c u r r e n t  i n  f r o n t  of t h e  we i r .  

A s  ebb f low developed,  t h e r e  was a n  o f f s h o r e  movement of 
s u r f a c e  c u r r e n t s  a long  t h e  oceans ide  of t h e  upcoas t  
j e t t y .  

La te  ebb f low was f o r c e d  t o  t h e  downcoast s i d e  of t h e  
channel .  The longshore  c u r r e n t  was d e f l e c t e d  by t h e  
upcoas t  j e t t y  i n  t h e  o f f s h o r e  d i r e c t i o n .  

The 10-f t  wave c r e a t e d  a  c i r c u l a t i o n  over  t h e  d e p o s i t i o n  
b a s i n  from waves over topp ing  t h e  we i r .  Channel f l o o d  
f low was s h i f t e d  t o  t h e  downcoast s i d e .  

St rong o f f s h o r e  c u r r e n t s  ( 3  t o  4 f p s )  e x i s t e d  upcoas t  of 
t h e  w e i r ,  even though f low over  t h e  we i r  had begun. 

The e a r l y  ebb jet  was d e f l e c t e d  downcoast. St rong 
c u r r e n t s  o f f s h o r e  of t h e  we i r  j e t t y  s t i l l  e x i s t e d .  

Wave over topp ing  of t h e  w e i r  c r e a t e d  a movement toward 
t h e  channel .  St rong o f f s h o r e  c u r r e n t s  e x i s t e d  upcoas t  
of t h e  oceanward p o r t i o n  of t h e  w e l r  j e t t y .  

Current  p a t t e r n s  were s i m i l a r  t o  t h o s e  i n  Photo 39 
excep t  n e a r  t h e  i n s i d e  of t h e  oceanward p o r t i o n  of t h e  
we i r  j e t t y  where c u r r e n t s  were approaching t h e  j e t t y  
then  d e f l e c . t i n g  back t o  t h e  channel .  

The downcoast waves n u l l i f i e d  t h e  s u r f a c e  approach f low 
around t h e  upcoas t  j e t t y  t i p  (compare w i t h  no-wave 
c o n d i t i o n ,  Photo 12) .  No ed.dy r e g i o n  e x i s t e d  a t  t h e  
shoreward end of t h e  w e i r  j e t t y  as i t  d i d  f o r  t h e  
Plan 1 j e t t y  w i t h  waves (Photo 26).  

Flow over  t h e  w e i r  was d i r e c t e d  toward t h e  bay r a t h e r  
than  toward t h e  ocean b e f o r e  becoming e n t r a i n e d  i n  
channel  f low (compare w i t h  Photo 1 2 ) ,  



Photo 
No. 

4 3 

P lan  

2 

Comment 

E a r l y  ebb f low showed a c lockwise  c i r c u l a t i o n  over  t h e  
b a s i n ,  compared w i t h  none f o r  a no-wave c o n d i t i o n  
(Photo 13) .  

Ebb f low was more c o n c e n t r a t e d  a g a i n s t  t h e  channel  
s i d e  of t h e  we i r  j e t t y  t h a n  f o r  t h e  no wave c o n d i t i o n  
(Photo 14).  

G r e a t e r  c u r r e n t  movement occur red  i n  t h e  d e p o s i t i o n  
b a s i n  due t o  waves over topp ing  t h e  we i r  than  was no ted  
f o r  t h e  same c o n d i t i o n s  i n  P lan  2. 

Some of t h e  longshore  c u r r e n t  moved p a s t  t h e  oceanward, 
upcoas t  s i d e  of we i r  and d e c e l e r a t e d  one-half way 
seaward a long  t h e  upcoas t  j e t t y .  Also,  c u r r e n t s  o v e r  
t h e  d e p o s i t i o n  b a s i n  were e d d y l i k e  r a t h e r  t h a n  d i r e c t e d  
a t  t h e  channe l  as i n  t h e  t ide -on ly  c o n d i t i o n  (Photo 1 7 ) .  

Flow a long  t h e  oceanward p a r t  of t h e  upcoast  j e t t y  
h a s  d e c e l e r a t e d .  The movement of e a r l y  ebb f low o v e r  
t h e  we i r  s e e n  i n  t h e  t ide -on ly  test (Photo 18) d i d  
no t  occur  w i t h  t i d e s  and waves. 

Current  movement upcoas t  of t h e  oceanward end of 
t h e  j e t t y  was somewhat e r r a t i c  i n  p a t t e r n .  

The g r e a t e s t  c u r r e n t  a c t i v i t y  was over  t h e  d e p o s i t i o n  
b a s i n  f o r  t h i s  low w a t e r  t ime  s i n c e  approaching wave 
c r e s t s  were a lmost  p a r a l l e l  t o  t h e  we i r  f o r  t h i s  
o r i e n t a t i o n .  

When compared w i t h  t h e  5 - f t  wave (Photo 45) ,  t h e  10- f t  
wave c r e a t e d  i n c r e a s e d  c u r r e n t s  a long  t h e  e n t i r e  
l e n g t h  of t h e  upcoas t  j e t t y .  When t h e s e  c u r r e n t s  ap- 
proached t h e  j e t t y  t i p ,  t h e y  flowed i n t o  t h e  channel .  

Flood f low over  t h e  w e i r  was s t r o n g ,  bu t  on ly  t h a t  
p o r t i o n  a t  t h e  oceanward end of t h e  weir  was d i r e c t e d  
i n t o  t h e  channel .  

E a r l y  ebb f low had good a l ignment  i n  t h e  channel .  

Sur face  v e l o c i t i e s  of 4 f p s  occur red  a long  t h e  
upcoast  j e t t y .  

No s i g n i f i c a n t  change from Photo 53, excep t  t h a t  ebb 
c u r r e n t s  were slowing. 

The 5 - f t  downcoast wave c r e a t e d  no eddy r e g i o n s  n e a r  t h e  
beach a long  t h e  upcoas t  s i d e  of t h e  we i r .  

A small eddy r e g i o n  o c c u r r e d  on t h e  oceanward s i d e  i n  
t h e  bend of t h e  we i r  j e t t y .  



Photo 
P lan  No. -- Comment 

3  57 S l i g h t  ebb-current  movement o c c u r r e d  over  t h e  o u t e r  end 
of t h e  w e i r  s e c t i o n .  

3 58 Eddy c u r r e n t s  e x i s t e d  over  t h e  d e p o s i t i o n  b a s i n .  

3  59 No s i g n i f i c a n t  change from Photo 58 was noted.  

38. Waves s i g n i f i c a n t l y  a f f e c t e d  f low p a t t e r n s  a long  t h e  oceans ide  

of t h e  upcoast  weir j e t t y ,  i n  t h e  d e p o s i t i o n  b a s i n ,  and a t  t h e  oceanward 

end of t h e  n a v i g a t i o n  channel .  Concerning t h e  l a s t  i t em,  Plan 3  showed 

t h e  l e a s t  e f f e c t .  Flow was u s u a l l y  s t r a i g h t  and a lmost  uniform a c r o s s  

t h e  e n t r a n c e  s i n c e  t h e  p a r a l l e l  je t t ies  conf ined  t h e  f low much more 

e f f e c t i v e l y  than  d i d  Plan 1 o r  2. On t h e  o u t s i d e  of t h e  upcoast  we i r  

j e t t y  t h e r e  was c o n s i d e r a b l e  f low a long  t h e  o u t e r  l e g  of t h e  j e t t y  f o r  

a l l  p l a n s  t e s t e d  wi th  t h e  10-f t  upcoast  wave. Th is  might be s i g n i f i c a n t  

i n  r e g a r d  t o  m a t e r i a l  bypass ing t h e  w e i r  and moving oceanward a long  t h e  

j e t t i e s  and e v e n t u a l l y  i n t o  t h e  channel .  P lan  3  rece ived  more wave 

a c t i v i t y  i n  t h e  b a s i n  t h a n  d i d  Plan 1  o r  2  due t o  i t s  s m a l l e r  a c u t e  

a n g l e  wi th  t h e  s h o r e l i n e ,  but an  e d d y l i k e  c i r c u l a t i o n  was u s u a l l y  main- 

t a i n e d  s o  t h a t  suspended m a t e r i a l s  would t end  t o  s e t t l e  i n  t h e  d e p o s i t i o n  

b a s i n  r a t h e r  than  reach  t h e  channel .  Downcoast waves f o r  P lans  2 and 3  

would e a s i l y  remove sediments  t h a t  accumulate  u p c o a s t ,  a d j a c e n t  t o  t h e  

we i r  s e c t i o n .  Plan 1 showed a  s t r o n g  eddy r e g i o n  t h e r e ,  where t h e  

downcoast wave (30-deg deepwater a n g l e )  d i d  n o t  produce a  longshore  

c u r r e n t  i n  t h e  upcoast  d i r e c t i o n .  The f o l l o w i n g  s e c t i o n  w i l l  examine 

t h e  f low p a t t e r n s  upcoas t  of t h e  w e i r  j e t t y  i n  more d e t a i l .  

Dye s t r e a k  v e l o c i t y  measurements 

39. I n  o r d e r  t o  examine t h e  wave-generated v e l o c i t y  f i e l d  on t h e  

upcoast  s i d e  of t h e  we i r  j e t t y ,  dye was i n j e c t e d  i n t o  t h e  wa te r  column 

throughout  t h e  dep th  and timed as i t  moved o v e r  a  known d i s t a n c e .  

V e l o c i t y  v e c t o r s  then were drawn showing l o c a t i o n ,  d i r e c t i o n ,  and magni- 

t u d e  f o r  t h e  i n d i v i d u a l  measurements. Some measurements were made w i t h  

waves o n l y  t o  remove any i n f l u e n c e  of t i d a l  c u r r e n t s ;  P l a t e s  19-32 show 

t h e s e  d a t a .  

40. Plan 1. P l a t e  19 shows t h a t  f o r  10- f t ,  10-sec upcoas t  waves 



d u r i n g  f lood  t i d e ,  v e l o c i t i e s  of a s i g n i f i c a n t  magnitude (3.3 f p s ,  

p r o t o t y p e )  flowed toward t h e  Plan 1 j e t t y  t i p  from t h e  wei r  s e c t i o n  

r e g i o n  and around t h e  j e t t y  t i p  i n t o  t h e  channel .  There was a l s o  a n  

oceanward d i r e c t e d  c u r r e n t  o f  2  f p s  a t  t h e  b a s e  of t h e  we i r  s e c t i o n  

w h i l e  t h e r e  was f low over  t h e  w e i r ,  a  v a r i a t i o n  i n  90 deg i n  f low d i r e c -  

t i o n  through t h e  wa te r  column. During ebb f low,  wi th  no f low over  t h e  

w e i r ,  t h e  v e l o c i t y  a t  t h e  b a s e  of t h e  weir  i n c r e a s e d  t o  3.3 f p s  

( P l a t e  20). Also v e l o c i t i e s  a t  t h e  o u t e r  j e t t y  t i p  were d i r e c t e d  

o f f  shore .  

41. P l a t e  21 shows t h e  c i r c u l a t i o n  due t o  a  10-ft  downcoast wave 

f o r  Plan 1. A counte rc lockwise  c i r c u l a t i o n  was noted a t  t h e  base  of 

t h e  upcoas t  j e t t y .  A uniform longshore  c u r r e n t  was e s t a b l i s h e d  about  

1600 f t  upcoast  oE t h e  j e t t y .  

42. Plan 2. The longshore  c u r r e n t  f i e l d  due t o  a  5 - f t ,  10-sec 

upcoas t  wave (no t i d e )  i s  shown i n  P l a t e  22. Maximum c u r r e n t s  were 

shoreward of t h e  b r e a k e r  w i t h  a  peak v a l u e  of 2.9 f p s .  Once reach ing  

t h e  j e t t y ,  f low was s p l i t  between t h e  we i r  and o f f s h o r e  a long  t h e  j e t t y .  

Maximum c u r r e n t s  f lowing oceanward were 1.4 i p s .  P l a t e  23 shows t h e  

e f f e c t  of i n c r e a s i n g  t h e  wave h e i g h t  t o  10 f t  (no t i d e ) .  Peak v e l o c i t y  

magnitudes were 5.0 f p s  i n  t h e  b r e a k e r  zone, 4.3 f p s  over  t h e  w e i r ,  and 

4.5 f p s  oceanward a long  t h e  we i r .  A s  f low progressed  oceanward a l o n g  

t h e  j e t t y ,  v e l o c i t i e s  f e l l  o f f  i n i t i a l l y  bu t  mainta ined maximums between 

2  and 3  f p s  o u t  t o  t h e  j e t t y  t i p ,  even though dep ths  were i n c r e a s i n g  and 

t h e  f low was s p r e a d i n g  from a  wid th  of about  600 t o  about  1000 f t .  

43. P l a t e  24 shows t h e  v e l o c i t y  f i e l d  f o r  a  10- f t ,  10-sec down- 

c o a s t  wave f o r  Plan 2. V e l o c i t i e s  i n  t h e  upcoas t  d i r e c t i o n  s t a r t e d  a 

l i t t l e  over  300 f t  from t h e  j e t t y .  

44. P l a t e  25 shows v e l o c i t i e s  t aken  d u r i n g  t h e  f l o o d  t i d e  w i t h  a 

1 0 - f t ,  10-sec upcoast  wave. V e l o c i t i e s  j u s t  oceanward of t h e  we i r  were 

s lower  than  f o r  t h e  no- t ide  c o n d i t i o n  ( P l a t e  23) s i n c e  t h e  t i d e  was d i -  

v e r t i n g  more f low t o  t h e  we i r  s e c t i o n ,  and f u r t h e r  oceanward, v e l o c i t i e s  

w i t h  waves p l u s  t i d e  were h i g h e r  t h a n  t h e  waves-only c o n d i t i o n  s i n c e  t h e  

t i d a l  f low was a c c e l e r a t i n g  around t h e  j e t t y  t i p .  P l a t e  26, showing 

v e l o c i t i e s  d u r i n g  t h e  ebb t i d e ,  i n d i c a t e d  a n  oceanward s h i f t  i n  b r e a k e r  



l o c a t i o n  due t o  lower w a t e r  l e v e l  and h i g h e r  c u r r e n t s  a long  t h e  j e t t y  

f a c e  moving oceanward. 

45. Plan 3. P l a t e  27 shows t h e  upcoas t  v e l o c i t y  f i e l d  f o r  Plan 3  

f o r  a  no- t ide  c o n d i t i o n  w i t h  5 - f t ,  10-sec waves from upcoas t ,  C u r r e n t s  

approaching t h e  we i r  were mos t ly  between 2 and 3 f p s ,  Movement oceanward 

a long  t h e  j e t t y  l e g  was abou t  1  f p s .  With t h e  wave h e i g h t  i n c r e a s e d  t o  

10 f t ,  P l a t e  28 shows maximum v e l o c i t i e s  of 6 t o  7 f p s  approaching t h e  

w e i r ,  5  t o  6 f p s  a long  t h e  bottom a d j a c e n t  and p a r a l l e l  t o  t h e  w e i r ,  and 

3 t o  4 f p s  oceanward a long  t h e  upcoas t  j e t t y .  

46, A 5 - f t  10-sec downcoast wave f o r  Plan 3  produced no r e v e r s a l  

o f  c u r r e n t s  shoreward of t h e  w e i r  a s  t h e  Plan I and Plan 2 j e t t i e s  d i d  

( P l a t e  29)  s i n c e  the  r e g i o n  was extended f a r  enough o u t  of t h e  sliadow of 

t h e  j e t t y .  There was a r e v e r s a l  i n  t h e  c u r r e n t  d i r e c t i o n  a t  t h e  ocean- 

ward end of t h e  weir .  C u r r e n t s  o u t s i d e  t h e  b r e a k e r  were low ( l e s s  than 

1 f p s ) .  

47. P l a t e  30 shows t h e  l o c a t i o n  of v e l o c i t y  s t a t i o n s  f o r  measure- 

ments wi th  upcoas t  waves and a  t i d e  f o r  Plan 3. Also i n d i c a t e d  on t h e  

p l a t e  i s  t h e  u s u a l  v e l o c i t y  d i r e c t i o n  ( v a r i a t i o n  i n  d i r e c t i o n  was on t h e  

o r d e r  of 30 deg) .  P l a t e s  31 and 32 show t h e  v e l o c i t i e s  each 0 , 1  of a  

t i d a l  c y c l e  f o r  bo th  t h e  5 - f t  and 10- f t ,  10-sec upcoas t  waves. Veloc- 

i t i e s  f o r  t h e  5 - f t  wave tended t o  be f a i r l y  c o n s t a n t  i n  v a l u e  throughout  

t h e  t i d a l  c y c l e  a t  most l o c a t i o n s .  V e l o c i t y  magnitude decreased  i n  a n  

oceanward d i r e c t i o n  t o  less t h a n  I f p s  a t  s t a  F and L. The l a r g e r  wave 

produced more v a r i a t i o n  i n  v e l o c i t y  d u r i n g  t h e  t i d a l  c y c l e .  S t a  J ,  K, 

L, M, and N showed d e c r e a s e s  d u r i n g  f l o o d  f low ( t o  abou t  2.5 Eps) and 

i n c r e a s e s  d u r i n g  ebb ( t o  about  5 Eps) ,  as t h e  t i d e  i n f l u e n c e d  f low 

toward t h e  we i r  d u r i n g  f lood  t i d e  and away from i t  on ebb. S t a  D, E ,  F, 

and I ,  a d j a c e n t  t o  t h e  j e t t y ,  d i d  n o t  show much change d u r i n g  t h e  t i d e  

but  mainta ined v e l o c i t i e s  i n  t h e  4- t o  5-fps range a t  a l l  t imes .  

48. Summary. Comparing t h e  dye s t r e a k  v e l o c i t y  measurements f o r  

P lans  1, 2, and 3 f o r  10- f t ,  10-sec upcoas t  waves ( P l a n  1 wave a n g l e  was 

30 deg ,  whi le  P lans  2  and 3  had 40-deg waves) and a  5 - f t - t i d e  range,  

Plan 3  v e l o c i t i e s  were g e n e r a l l y  h i g h e r  c l o s e  t o  t h e  oceanward p o r t i o n  

of t h e  upcoas t  j e t t y  and p a r a l l e l  t o  t h e  w e i r  a t  i t s  base .  Th is  shou ld  



be expected a t  t h e  o u t e r  l e g  of t h e  j e t t y  due t o  t h e  geometry of P lan  3 

which promoted a h i g h e r  c o n c e n t r a t i o n  of longshore  c u r r e n t  a t  t h e  bend 

of t h e  j e t t y .  P lans  1 and 2 p e r m i t t e d  g r e a t e r  expansion of t h i s  seaward 

f lowing c u r r e n t .  R e s u l t s  a l s o  i n d i c a t e d  t h a t  a s  t h e  a n g l e  of t h e  w e i r  

and shoreward p o r t i o n  of t h e  j e t t y  was reduced from 90 deg ( i . e . ,  P lan 1 

Plan 2 ,  t h e n  Plan 3),  t h e r e  was a n  i n c r e a s e  i n  seaward f lowing c u r r e n t  

a t  t h e  b a s e  of t h e  we i r  s e c t i o n .  



PART V: BEACH RESPONSE TESTS 

49,  Th i s  phase of t h e  s t u d y  was des igned  t o  a i d  i n  i n t e r p r e t i n g  

t h e  response  of t h e  bench l ine  upcoas t  of t h e  w e i r  j e t t y  f o r  a v a r i e t y  oT 

j e t t y  o r i e n t a t i o n s  and f o r  both  an  upcoas t  and downcoast wave d i r e c t i o n .  

The response of b e a c h l i n e s  upcoast  of a g r o i n  h a s  been s t u d i e d  i n  math- 

e m a t i c a l  f o r m u l a t i o n  by a number of peop le ,  t h e  method of Pelnard- 

Considere  perhaps  being t h e  b e s t  known. However, because of t h e  complex 

boundary c o n d i t i o n s  (which i n c l u d e  tnovement of m a t e r i a l  over  t h e  w e i r )  

and t h e  a b i l i t y  of an  u n d i s t o r t e d  p h y s i c a l  model t o  r e l i a b l y  i n t e g r a t e  

t h e  e f f e c t s  of r e f r a c t i o n ,  d i f f r a c t i o n ,  and wave r e f l e c t i o n ,  beach r e -  

sponse  t e s t s  were performed t o  a i d  i n  examining r e l a t i v e  d i f f e r e n c e s  i n  

we i r  j e e t y  c o n f i g u r a t i o n s  on s h o r e l i n e  response.  Such complex s i t u a t i o n s  

a r e  more r e l i a b l y  and more economical ly  i n v e s t i g a t e d  i n  u n d i s t o r t e d  

p h y s i c a l  models than i n  numerical  models a t  t h i s  t ime. A s  mentioned 

above,  n o t  o n l y  was an  upcoas t  wave used t o  examine t h e  format ion of a 

f i l l e t ,  bu t  a downcoast wave was a l s o  used i n  o r d e r  t o  n o t e  t h e  r e l a t i v e  

e a s e  w i t h  which m a t e r i a l  might be r e t u r n e d  upcoas t  d u r i n g  a longshore  

d r i f t  r e v e r s a l .  This  can be a n  ex t remely  impor tan t  f a c t o r  on c o a s t s  wi th  

f a i r l y  f r e q u e n t  d r i f t  r e v e r s a l s .  I n  such c a s e s ,  d r i f t  r e v e r s a l s  tend t o  

reduce t h e  amount of m a t e r i a l  accumula t ing  i n  t h e  d e p o s i t i o n  b a s i n  and 

t h u s  reduce t h e  amount of m a t e r i a l  t h a t  must be handled by d redg ing ,  

50. Beforc t h e  beach response  t e s t s  a r e  d i s c u s s e d ,  an  examinat ion 

of a p o s s i b l y  innportant mechanism o c c u r r i n g  i n  t h e  v i c i n i t y  of t h e  w e i r  

j e e t y  caused by t h e  i n t e r a c t i o n  of i n c i d e n t  waves and waves r e f l e c t e d  by 

t h e  j e t t y  w i l l  be under taken.  

Short-Crested Wave F i e l d  and Beach I n t e r a c t i o n  

51. The fo rmat ion  oE a s h o r t - c r e s t e d  wave f i e l d  by t h e  i n t e r a c t i o n  

of i n c i d e n t  and r e f l e c t e d  waves and i t s  e f f e c t  on sediment t r a n s p o r t  h a s  

been s t u d i e d  by S i l v e s t e r  (1975 and 1977) ,  Dalrymple and Lanan (1976) ,  

and Nsu (1975),  among o t h e r s .  Th i s  s t u d y  more c l o s e l y  compares w i t h  

t h a t  of Dalrymple and Lanan i n  t h a t  they  performed l a b o r a t o r y  t e s t s  w i t h  



a  movable-bed beach and observed t h e  fo rmat ion  of beach cusps  and r i p  

c u r r e n t s  a s  a  r e s u l t  of t h e  i n c i d e n t  wave- re f l ec ted  wave i n t e r a c t i o n  

w i t h  t h e  s h o r e l i n e .  The w e i r  j e t t y  t e s t i n g  superimposed a d d i t i o n a l  

boundary c o n d i t i o n s  w i t h  t h e  i n t r o d u c t i o n  of a  longshore  c u r r e n t  e n t e r i n g  

t h e  s h o r t - c r e s t e d  wave r e g i o n  from u p c o a s t ,  and t h e  weir  s e c t i o n  a s  a 

p o r t i o n  of the  r e f l e c t i n g  s t r u c t u r e  downcoast .  

52. F igure  21  shows t h e  fo rmat ion  of t h e  s h o r t - c r e s t e d  wave f i e l d  

and i t s  c h a r a c t e r i s t i c  diamond p a t t e r n  c r e a t e d  by t h e  i n t e r a c t i n g  c r e s t s  

LEGEND 

- INCIDENT WAVE Li = INCIDENT WAVE LENGTH - REFLECTED WAVE L, = SHORT-CRESTED WAVE LENGTH - --- PATH OF MAXIMUM SHORT- L' = CREST LENGTH 
CRESTED WAVE CREST TRAVEL 

W =DISTANCE BETWEEN MAXIMUM CRESTLINES 

X = WIDTH OF CIRCULATION CELL ALONG SHORELINE 

F i g u r e  21. Shor t -c res ted  wave f i e l d  



of the incident and reflected waves. Figure 22 shows a short-crested 

wave field upcoast of the Masonboro Inlet weir during low water. By 

following the path of the intersecting crests in Figure 21, the direc- 

tion of the short-crested wave can be noted. For a uniform flat bottom 

(no refraction), the path of the short-crested wave is always parallel 

to the structure. For the relatively straight-sloped beach of this 

study there was little deviation from a flat-bottomed condition in the 

immediate vicinity of the structure. 

Figure 22. Short-crested wave field at Masonboro 
Inlet weir jetty 



53. F i g u r e  23 d e f i n e s  a = a c u t e  a n g l e  between s t r u c t u r e  and 

s h o r e l i n e ,  6 = a c u t e  a n g l e  between wave c r e s t  and s h o r e l i n e ,  4 = a n g l e  

between wave c r e s t  and s t r u c t u r e ,  and O r  = a n g l e  between r e f l e c t e d  wave 

c r e s t  and s h o r e l i n e .  Also shown are r a n g e s  of and f o r  a  g iven  

and a r a n g e  of 0  between 0  and 25 deg,  a  pe rhaps  t y p i c a l  r ange  of 

wave a n g l e s  n e a r  t h e  s h o r e l i n e .  It can be  shown from t h e  geometry of 

t h e  i n t e r s e c t i n g  wave c r e s t s  t h a t  t h e  i n c i d e n t  wavelength  Li and 

c e l e r i t y  Ci can b e  r e l a t e d  t o  t h e  s h o r t - c r e s t e d  wavelength Ls and 

c e l e r i t y  C by t h e  e x p r e s s i o n  
S 

Cs Ls - - -  - 1 

Ci y Li c o s  4 t a n  4 

and t h i s  r e l a t i o n  i s  d e r i v e d  i n  F i g u r e  24 and p l o t t e d  i n  F igure  25. 

Using t h e  e x p r e s s i o n  from Wiegel (1964) f o r  h o r i z o n t a l  water p a r t i c l e  

v e l o c i t y  i n  t h e  d i r e c t i o n  of wave p ropaga t ion  a s  d e r i v e d  by Fuchs f o r  t h e  

s h o r t - c r e s t e d  wave and shown g r a p h i c a l l y  i n  F igure  26, t h e  maximum bottom 

v e l o c i t y  (which o c c u r s  under t h e  l i n e  of c r e s t  t r a v e l )  i s  compared w i t h  

t h a t  f o r  t h e  i n c i d e n t  wave i n  F igure  27. Two curves  a r e  shown--one f o r  

complete  r e f l e c t i o n  o f f  t h e  s t r u c t u r e  (K = 1 )  and one c o n s i d e r i n g  on ly  r 
p a r t i a l  r e f l e c t i o n  of t h e  wave ( K  = 0.3 , a v a l u e  measured f o r  t h e  model r 
s t r u c t u r e  and a r e a s o n a b l e  p r o t o t y p e  v a l u e ) .  These a r e  l i n e a r  t h e o r i e s  

and t h e  i n t e r a c t i o n  of t h e  i n c i d e n t  and r e f l e c t e d  waves probably  becomes 

a r e l a t i v e l y  n o n l i n e a r  phenomenon. For u s u a l  v a l u e s  of 0  ( i . e . ,  0  deg 

< 0  < 25 d e g ) ,  t h e  g r e a t e r  maximum bottom v e l o c i t i e s  occur  f o r  s t r u c t u r e s  

w i t h  l a r g e r  v a l u e s  of a , t h a t  i s ,  ones  more p e r p e n d i c u l a r  t o  shore .  

Tempering t h i s  i s  t h e  Mach r e f l e c t i o n  phenomenon which i n d i c a t e s  t h a t  f o r  

i n c i d e n t  wave a n g l e s  from 0  t o  20 deg ( t h e  a n g l e  between t h e  d i r e c t i o n  

of wave advance and t h e  r e f l e c t i n g  s u r f a c e  which is e q u i v a l e n t  t o  4 = 70 

t o  90 deg) t h e r e  is  l i t t l e  o r  no r e f l e c t i o n  and f o r  i n c i d e n t  wave a n g l e s  

of 20 t o  40 deg ( 4  = 50 t o  70 deg) t h e r e  is a  r e d u c t i o n  i n  r e f l e c t e d  wave 

h e i g h t  due t o  t h e  fo rmat ion  of t h e  "Mach stem," a  wave p e r p e n d i c u l a r  t o  

t h e  r e f l e c t i n g  s u r f a c e  and from which t h e  i n c i d e n t  wave and r e f l e c t e d  

wave ex tend  (Weigel 1964).  Thus t h e r e  i s  most l i k e l y  some r e d u c t i o n  i n  



a  =ACUTE ANGLE BETWEEN STRUCTURE AND SHORELINE 
e = ACUTE ANGLE BETWEEN WAVE CREST AND SHORELINE 
$J = ANGLE BETWEEN WAVE CREST AND STRUCTURE 

0, = ANGLE BETWEEN REFLECTED WAVE CREST AND SHORELINE 

SHORELINE 

RELATIONSHIPS: 
@ = a - ( j  

e , = a + @  

VALUES OF $J AND 4, FOR GIVEN a AND 6 
-- - - -- - - - -- -- 

NOTE: ASSUME 0 USUALLY NOT GREATER THAN 25' NEAR SHORE 

Figure  23. Angular r e l a t i o n s h i p s  
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REFLECTIVE STRUCTURE \ 

1. From b a s i c  phys i c s ,  L BAG = 6 FAH = 4 . 
2 .  From b a s i c  geometry i t  can be shown t h a t  ABCE i s  a  rhombus and i t  - 

fo l lows  t h a t  % is  perpendicu la r  t o  AC . 
3. &so i t  can be shown from geometry t h a t  LABF = LCAD and t h a t  

CFA~HAG . 
4 .  5 is  def ined  a s  t h e  wavelength between two p a r a l l e l  wave c r e s t s  

and i s  perpendicu la r  t o  t he  c r e s t s .  

5. It fo l lows  t h a t  LABF = L C A D  from b a s i c  geometry. 
- 

6 .  AD = L i n c i d e n t  wavele~lgth.  
i ' 

BFE = Ls , sho r t - c r e s t ed  wavelength. 

AX = L' , c r e s t  l eng th .  

7 .  ( a )  From s t i p p l e d  t r i a n g l e  
L 
i 

cos $ = 7 L 

(b) From crossha tched  t r i a n g l e  

(c) Rearranging and s u b s t i t u t i n g  from a  and b  above, e l im ina t i ng  
L' , 

Ls - - - 1 

Li 
cos $ t a n  $ 

8. From 7a,  cos  $ = L i / ~ '  and f r o m F i g u r e  2 1 ,  L' = 2 W ,  then 

s 
L 

S - Figure 24. Derivation of expression - - - L 

Ci ' Li cos 4 tan 6 

W - and - - 1 

i 2 cos 4 



= SHORT-CRESTED WAVE CELERITY 
Ci = INCIDENT WAVE CELERITY 
4 = SHORT-CRESTED WAVELENGTH 
Li = INCIDENT WAVELENGTH 
@ = INCIDENT WAVE ANGLE WITH 

STRUCTURE 

5 -  1 
ci 'c- cos $ TAN @ 

@, DEGREES 

6 

5 

4 

cs L, -- 
Ci ' Li 

3 

2 

1 

Figure  25. Rat io of shor t -c res ted  t o  i nc iden t  wave c e l e r i t i e s ,  shor t -c res ted  t o  
i nc iden t  wavelengths ve r sus  4 
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Direction of Wave Pro~agCJtion 

Figure  26. Shor t -c res ted  wave c o n t o u r s  and p a r t i c l e  
v e l o c i t y  o r b i t s  (from Wiegel 1964, a f t e r  Fuchs 1952) 



UMsx = MAXIMUM BOTTOM VELOCITY AT A GIVEN 
DEPTH FOR SHORT-CRESTED WAVE CREATED 
BY INCIDENT AND REFLECTED WAVES 

I uMBL = MAXIMUM Borrow vrLoc lTy  AT A GIVEN 
DEPTH 

@ = INCIDENT WAVE ANGLE WlTH STRUCTURE - ASc = SHORT-CRESTED WAVE AMPLITUDE 0 

AL = INCIDENT WAVE AMPLITUDE 
1 

K, = REFLECTION COEFFICIENT OF STRUCTURE 

- 
+ 

- 

(USUAL RANGE OF $ FOR VARIOUS VALUES OF a OVER 
USUAL RANGE OF 0 I.E. 0" < 0 < 25') 

-------1 +-a = goo-------4 

I I 
0 10 20 30 40 50 60 70 80 90 

O, INCIDENT WAVE ANGLE WlTH STRUCTURE. DEGREES 

F i g u r e  27. R a t i o  of maximum bottom v e l o c i t y  of s h o r t - c r e s t e d  
and i n c i d e n t  waves v e r s u s  41 

t h e  v e l o c i t y  f i e l d  of t h e  s h o r t - c r e s t e d  wave, and t h e  = 90 deg s t r u c -  

t u r e  probably  does  n o t  produce s i g n i f i c a n t l y  h i g h e r  v e l o c i t i e s  than t h e  

a = 60 deg s t r u c t u r e .  Also t h e  Mach-stem e f f e c t  does  n o t  occur  f o r  t h e  

a = 30 deg and 45 deg s t r u c t u r e s  when waves a r e  from t h e  upcoas t  d i r e c -  

t i o n  s i n c e  i s  u s u a l l y  l e s s  than  50 deg.  

54. From g e o m e t r i c a l  c o n s i d e r a t i o n s ,  

W - -  - 1 

i 2  c o s  ql 

where W , shown i n  F i g u r e  21 ,  is t h e  d i s t a n c e  between c r e s t l i n e s  i n  t h e  

s h o r t - c r e s t e d  wave f i e l d .  F i g u r e  28 shows t h a t  f o r  0 < $ < 25 deg , 
t h e  s m a l l e r  a ( t h e  a c u t e  a n g l e  between t h i s  s t r u c t u r e  and t h e  s h o r e l i n e )  

t h e  c l o s e r  t h e  wave c r e s t  spac ing .  F i g u r e  29 p r e s e n t s  t h e  same informa- 

t i o n  i n  terms o f  0 . I n  terms of s p a c i n g  of t h e  i n t e r s e c t i o n  of t h e  

c r e s t l i n e s  w i t h  t h e  s h o r e l i n e ,  F i g u r e s  30 and 31 show spac ing  X , 



6 = INCIDENT WAVE ANGLE WlTH STRUCTURE 
Li = INCIDENT WAVE LENGTH 
W = DISTANCE BETWEEN MAXIMUM CRESTLINES 

RELATIONSHIP: !. = 1 
Li , 2  COS g 

USUAL RANGE OF 0 FOR 

t- i 
a = 90" -4 

I I 0 
0 10 20 30 40 50 60 70 80 90 

@, INCIDENT WAVE ANGLE WlTH STRUCTURE, DEG 

F i g u r e  28. W/L2 ve r sus  4 

0 = ANGLE OF WAVE WlTH SHORELINE 
W = DISTANCE BETWEEN MAXIMUM CRESTLINES 
Li = INCIDENT WAVE LENGTH 

W 
RELATIONSHIP: - = - Li 2 COS l ab )  

I I I I I I I I I 
10 20 30 40 50 60 70 80 90 

8 ,  ANGLE OF WAVE WlTH SHORELINE, DEG 

Figure 29. W/Li versus 0 



LEGEND 
X = DISTANCE PARALLEL TO BEACH BETWEEN 

LINES OF PEAKS OF SHORT-CRESTED WAVES 
LI  = INCIDENT WAVE LENGTH 
a = ACUTE ANGLE BETWEEN STRUCTURE AND 

SHORELINE 
@ = INCIDENT WAVE ANGLE WITH STRUCTURE 

F i g u r e  30. X/Li v e r s u s  @ 

LEGEND 
X = DISTANCE PARALLEL TO BEACH BETWEEN 

LINES OF PEAKS OF SHORT-CRESTED WAVES 
L; = INCIDENT WAVE LENGTH 
2 = ACUTE ANGLE BETViEEN STRUCTURE AND 

SHORELINE 
9 = ANGLE BETWEEN SHORELINE AND WAVE 

CREST 
x" = I 
L i  2 COS (a-9) SINa 

6.0- 

5.0- 

0 -  
0 l o  ' $0 * $0 I 4'0 ' 5'0 6'0 i'o do 9b 

8 
F i g u r e  31. X / L i  v e r s u s  0 



defined i n  Figure 21, r e l a t i v e  t o  inc ident  wave l eng th  T, i n  terms of 
i 

@ (Figure 30) and 0 (Figure 31) .  Figure 30 shows t h a t  t he  spacing of 

t h e  i n t e r s e c t i o n  of c r e s t l i n e s  wi th  t h e  beach i s  c l o s e r  toge ther  f o r  

smal le r  va lues  of @ . Figure  31 shows t h a t  t h e  c l o s e s t  spacing of c r e s t  

i n t e r s e c t i o n  wi th  t h e  beach f o r  a  given a ( s t r u c t u r e ' s  angle  wi th  t h e  

sho re l ine )  i s  a t  t h a t  ang le  of 0 which approaches a . When 0 > a , 
the  wave is r e f l e c t e d  seaward and the  shor t -c res ted  wave f l e l d  does not  

i n t e r s e c t  t h e  beach. The e f f e c t  of t h e  i n t e r s e c t i o n  of t h e s e  c r e s t s  and 

t h e  s h o r e l i n e  fol lows.  

55. Assuming t h a t  t h e  inc iden t  wave i s  from t h e  upcoast d i r e c t i o n ,  

inducing a  longshore cu r r en t  toward t h e  upcoast j e t t y ,  t h e  shor t -c res ted  

wave f i e l d  approaches t h e  s h o r e l i n e  i n  t h e  v i c i n i t y  of t h e  s t r u c t u r e  a s  

shown i n  Figure 32. The v e l o c i t y  f i e l d  along t h e  bottom ac ros s  a  shor t -  

c r e s t e d  wave frozit shows t h a t ,  under t h e  c r e s t ,  v e l o c i t i e s  a r e  i n  an 

UPCOAST DIRECTION 

DEEPWATER WAVE APPROACH 

REFLECTING STRUCTURE 
DOWNCOAST - 

LINES OF WAVE 
CREST TRAVEL 

SHORELINE' l i ' I I  
-BOTTOM CURRENT / @ '' 2 TRAJECTORIES DUE TO 

SHORT-CRESTED WAVE 

Figure 32. I n t e r a c t i o n  of sho r t - c r e s t ed  wave 
f i e l d ,  longshore c u r r e n t ,  and beachl ine  



onshore-offshore d i r e c t i o n ,  and t h e  r i p p l e  i i n e s ,  perpendicular  t o  t h e s e  

v e l o c i t i e s ,  a l s o  i n d i c a t e  t h i s .  Between one c r e s t l i n e  and t h e  next ,  t h e  

bottom v e l o c i t i e s  vary  from e l l i p t i c a l  t o  alongshore t o  e l l i p t i c a i  then 

t o  onshore-offshore under t h e  next  c r e s t .  F igure  33 shows t h e  r i p p l e  

F igure  33. Shore l ine  upcoast of Plan 1 j e t t y  system f o r  t e s t  8 

p a t t e r n  f o r  a  g l a s s  bead t e s t  of Plan I j u s t  upcoast  of t h e  j e t t y  s i m i l a r  

t o  t h e  schematic diagram of Figure 32 where t h e  a l t e r n a t i n g  d i r e c t i o n  

of r i p p l e s  can be noted. The a c t u a l  t r a n s p o r t  of m a t e r i a l  i s  brought 

about when t h e  longshore cu r r en t  is  superimposed on t h e  shor t -c res ted  

wave f i e l d .  C i r cu la t ion  c e l l s  a r e  formed because t h e  shor t -c res ted  

wave he ight  v a r i e s  along a  l i n e  p a r a l l e l  t o  shore.  Therefore,  t h e  h igher  

p a r t  of t h e  wave along t h e  c r e s t l i n e  breaks  e a r l i e r  and moves shoreward, 

c r e a t i n g  a c i r c u l a t i o n  flow t o  t h e  zone of t h e  iower breaker  a r e a  s i m i l a r  

t o  t h a t  descr ibed by Bowen (19b9).  The flow i s  t o  t h e  downcoast s i d e  of 



t h e  c e l l  due t o  t h e  Elow of t h e  longshore  c u r r e n t  i n  t h a t  d i r e c t i o n .  The 

r e s u l t  i s  t h e  c r e a t i o n  oE a  cusp.  A s  t h e  longshore  c u r r e n t  approaches  

t h e  upcoas t  j e t t y  s t r u c t u r e ,  i t  is  d e f l e c t e d  oceanward s o  sediment  t e n d s  

t o  f o l l o w  t h e  l i n e s  of t h i s  c i r c u l a t i o n ,  and examples a r e  shown i n  Fig- 

u r e s  34-38 from t e s t i n g  performed w i t h  c o a l  from t h e  P lans  1-3 t e s t s .  

F i g u r e  34. Offshore  movement due t o  5 - f t ,  10-sec 
30-deg wave, P lan  1, test 3 



Figure  35. Offshore  movement upcoas t  f o r  Plan 1, 
test 10 

F igu re  36. Offshore  movement f o r  Plan 2 ,  t e s t  11 
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Figure 37. Offshore movement f o r  Plan 3, t e s t  12  

F igure  38, Offshore movement f o r  Plan 3C, t e s t  18 

6 2 



I n  each c a s e  t h e  l i n e  of movement i s  p a r a l l e l  t o  the  r e f l e c t i n g  s u r f a c e  

which i s  c a u s i n g  t h e  s h o r t - c r e s t e d  wave f i e l d .  Th i s  o f f s h o r e  rnovernent 

can extend f a r t h e r  upcoast  than t h e  Locat ion where t h e  ma in  p o r t i o n  of 

t h e  longshore  c u r r e n t  i s  d e f l e c t e d  seaward by t h e  s t r u c t u r e  s o  t h a t  the  

c i r c u l a t i o n  c e l l s  a r e  f a i r l y  s t r o n g .  The s p a c i n g  of the  c i r c u l a t i o n  

c e l l s  a r e  governed by t h e  d i s t a n c e  between c r e s t l i n e s ,  W , and can be 

determined by f i n d i n g  X i n  F i g u r e  30 o r  F i g u r e  31  f o r  v a r i o u s  v a l u e s  

of o r  0 and Li . 
56. P l a t e s  33-105 show r e s u l t s  of t h e  beach response  t e s t ,  

most of which w i l l  be d i s c u s s e d  l a t e r .  For t h e  p r e s e n t  d i s c u s s i o n  

P l a t e s  100 and 101 show s k e t c h e s  of t h e  o f f s h o r e  movement of t h e  t r a c e r  

sediment f o r  P lans  1 and 2  f o r  t h e  s m a l l e r  5 - f t ,  10-sec wave c o n d i t i o n .  

There a r e  l o c a t i o n s  where the  p a r a l l e l  f i n g e r s  oE sediment i n t e r s e c t  o r  

j o i n  t o g e t h e r .  These a r e  l o c a t i o n s  where t h e r e  i s  some l a t e r a l  t r a n s -  

f e r  of t r a c e r  from one f i n g e r  t o  a n o t h e r .  P l a t e  55 ( a  t e s t  f o r  t h e  

beads and a  1 0 - f t ,  10-sec wave) shows t h e  f i n g e r s  p a r a l l e l i n g  t h e  o u t e r  

l e g  of t h e  Plan 1 j e t t y .  The m a t e r i a l  i n  a l l  t h e s e  f i n g e r s  o r i g i n a t e d  

from t r a c e r  moving o f f  s h o r e  a long  t h e  we i r  t h e n  g r a d u a l l y  l a t e r a l l y  

t r a n s f e r r i n g  upcoas t  from one f i n g e r  t o  t h e  next  due t o  the  r e f l e c t e d  

wave energy o f f  t h e  j e t t y ,  a l t h o u g h  some of t h e  t r a c e r  con t inued  m i -  

g r a t i n g  oceanward a long  a  g i v e n  sediment t r a c e r  f i n g e r .  T h e r e f o r e ,  i n  

t h i s  r eg ion  of r e f l e c t e d  wave energy ,  t h e r e  was o f f shore -upcoas t  t r a n s -  

p o r t  of sediment .  F i g u r e s  36 and 37 a l s o  show t h i s  mechanism of s e d i -  

ment movement. 

57. P l a t e s  102-105 show t h e  approximate  upcoas t  l i m i t s  of t h e  

s h o r t - c r e s t e d  wave f i e l d  f o r  t h e  f o u r  b a s i c  j e t t y  c o n f i g u r a t i o n s  s t u d i e d .  

The r e f l e c t e d  wave h a s  been r e f r a c t e d  shoreward a l o n g  t h e  p a r a l l e l  con- 

t o u r s  i n  each c a s e ,  and t h e  c r e s t l i n e  t r a v e l  s t a y s  a lmost  p a r a l l e l  t o  

t h e  r e f l e c t i n g  s u r f a c e .  I n  P lan  1, t h e  c r e s t l i n e s  do n o t  i n t e r s e c t  t h e  

b r e a k e r  r e g i o n  f o r  some d i s t a n c e  upcoas t .  An i n t e r e s t i n g  o b s e r v a t i o n  i n  

P l a t e  105 ( P l a n  3C, 45-deg w e i r )  i s  t h e  f o c u s s i n g  of r e f l e c t e d  wave 

energy by t h e  w e i r  s e c t i o n  a l o n g  t h e  s h o r e l i n e .  

58. The c i r c u l a t i o n  c e l l s  ( F i g u r e  32) set up by t h e  incident-wave 



r e f l e c t e d  wave p l u s  t h e  incoming longshore  c u r r e n t  can probably  be com- 

pa red  o r  i d e n t i f i e d  wi th  o t h e r  c o a s t a l  phenomena. Kornar (1976) ment ions  

two ways t o  g e n e r a t e  c i r c u l a t i o n  c e l l s  a long  t h e  s h o r e l i n e .  One is by 

wave r e f r a c t i o n ,  c r e a t i n g  r e g i o n s  of h i g h  waves and low waves a l o n g  t h e  

c o a s t ,  The o t h e r  i s  t h e  g e n e r a t i o n  of s t a n d i n g  edge waves by t h e  

o r d i n a r y  i n c i d e n t  s w e l l  waves, which a g a i n  w i l l  c r e a t e  r e g i o n s  of h i g h  

waves and Low waves a long  t h e  s h o r e l i n e  a s  they  i n t e r a c t  wi th  t h e  i n -  

coming s w e l l .  C l e a r l y ,  the  cel.1 development noted i n  t h i s  s t u d y  i s  a 

t h i r d  mechanism f o r  c r e a t i n g  h i g h  and LOW wave r e g i o n s  a long  t h e  c o a s t  

b u t  i s  no t  r e l a t e d  t o  edge wave phenomena. The s h o r t - c r e s t e d  wave f i e l d  

c r e a t e d  by i n c i d e n t  and r e f l e c t e d  waves p r o v i d e s  a  h i g h  and low wave 

r e g i o n  a long  t h e  c o a s t  which is p e r s i s t e n t  i n  l o c a t  ion ( n e c e s s a r y  f o r  

c e l l  development)  s i n c e  t h e  i n c i d e n t  and r e f l e c t e d  waves a r e  of t h e  

same p e r i o d .  

59. Observa t ions  of waves r e f l e c t e d  o f f  j e t t y  s t r u c t u r e s  and 

t h e i r  e f f e c t s  on t h e  s h o r e l i n e  noted by o t h e r s  have been r e p r e s e n t e d  

i n  model and p r o t o t y p e  work by Tarlaka and S a t o  (1976) and i n  t h e  pro- 

t o t y p e  by Penland (1979).  Tanaka and Sa to  noted upcoast  e r o s i o n  on a  

p r o t o t y p e  j e t t y  s t r u c t u r e  a t  Kashumro P o r t ,  J a p a n ,  which had a n  o u t e r  

p a r t  o b l i q u e  t o  t h e  s h o r e  and a n  i n n e r  p a r t  p e r p e n d i c u l a r  t o  t h e  s h o r e .  

I n  a  model t e s t  of such a  s t r u c t u r e ,  where on ly  waves normal t o  t h e  

c o a s t  were g e n e r a t e d ,  a c u r r e n t  was formed f lowing shoreward a l o n g  t h e  

s t r u c t u r e ,  which, a s  i t  approactled s h o r e ,  tu rned  upcoas t  then  o f f  s h o r e ,  

Tanaka and Sato  mentioned t h a t  r e f l e c t e d  wave energy c o n t r i b u t e d  40 

t o  50 p e r c e n t  of t h e  a l o n g s h o r e  energy  i n  t h e  upcoast  d i r e c t i o n .  No 

t e s t s  were run wi th  waves o b l i q u e  t o  t h e  s h o r e l i n e  which would p robab ly  

catise longshore  c u r r e n t s  approach ing  t h e  s t r u c t u r e  t o  predominate  o v e r  

the  c i r c u l a t i o n  c e l l s  caused by t h e  r e f l e c t e d  waves, Penland d i s c u s s e d  

t h e  r e f l e c t i o n  o f f  t h e  n o r t h  j e t t y  a t  S t .  J o h n ' s  R i v e r ,  F l a . ,  and 

i t s  e f f e c t  on a n  a d j a c e n t  upcoas t  i n l e t ,  The r e f l e c t i o n - g e n e r a t e d  

u p c o a s t - d i r e c t e d  c u r r e n t s  a i d e d  i n  t h e  i n l e t ' s  m i g r a t i n g  upcoas t .  

I n  t h i s  c a s e ,  t h e  n a t u r a l  longshore  c u r r e n t  i s  i n t e r r u p t e d  by t h e  

u p c o a s t  i n l e t  s o  t h e  r e f l e c t e d  wave energy  predominates  i n  c r e a t i n g  

a n  upcoas t  c u r r e n t .  



P r e l i m i n a r y  T e s t i n g  

60. The concept  f o r  t h e  beach response  t e s t s  was t o  i n j e c t  a 

t r a c e r  m a t e r i a l  on to  t h e  c o n c r e t e  bed of t h e  model i n  t h e  r e g i o n  u p c o a s t  

of t h e  j e t t i e s  and le t  t h e  wave-generated l i t t o r a l  c u r r e n t s  b r i n g  t h e  

t r a c e r  t o  t h e  j e t t y  system. It t h e n  would be determined what pe rcen tage  

of t h e  t r a c e r  e n t e r e d  t h e  d e p o s i t i o n  b a s i n .  I n i t i a l l y ,  i t  was dec ided  

t h a t  t h e  most important  a s p e c t  of a t r a c e r  s t u d y  would be t o  de te rmine  

t h e  p lan  of t h e  s h o r e l i n e  upcoas t  of t h e  j e t t y  system. It was thought  

t h a t  a  beach could be formed by f e e d i n g  t r a c e r  a t  t h e  upcoas t  end of t h e  

model and s u b j e c t i n g  i t  t o  wave a c t i o n .  Th is  proved t o  be i m p r a c t i c a l  

s i n c e  t h e  b r e a k e r  zone was r e l a t i v e l y  wide on t h e  1:60 c o n c r e t e  beach 

s l o p e ,  and t h e  m a t e r i a l  tended t o  move o n l y  a t  t h e  l o c a t i o n  of t h e  

s t r o n g e s t  l i t t o r a l  c u r r e n t s .  The s o l u t i o n  t o  t h e  problem was t o  mold a  

beach of t r a c e r  m a t e r i a l  t o  a  s t e e p e r  s l o p e  than t h a t  of t h e  model, 

narrowing t h e  s u r f  zone and c o n c e n t r a t i n g  l i t t o r a l  c u r c e n t s .  I n  o r d e r  

t o  choose a  s u i t a b l e  t r a c e r  material, two-dimensional beach p r o f i l e  

tests were conducted i n  a  2-i t-wide,  166-ft-long wave flume. These 

tests a r e  d i s c u s s e d  i n  Appendix A and r e s u l t e d  i n  t h e  s e l e c t i o n  of g l a s s  

beads  wi th  a  s p e c i f i c  g r a v i t y  of 2.42 and a d iamete r  of 0.13 mm. The 

g l a s s  beads were used throughout  s i x  t e s t s  a t  which t ime i t  was dec ided  

t h a t  o p e r a t i o n a l  and f u n c t i o n a l  problems precluded f u r t h e r  u s e  of t h e  

beads ,  and c o a l  wi th  a  s p e c i f i c  g r a v i t y  o f  1.35 and a  median d iamete r  of 

0.50 mm was s e l e c t e d  a s  t h e  f i n a l  t r a c e r .  O p e r a t i o n a l  problems encoun- 

t e r e d  wi th  t h e  g l a s s  beads were concerned wi th  q u a n t i t i e s  of mater ia l .  on 

hand and w i t h  t h e  long response  t ime r e q u i r e d  f o r  t h e  g l a s s  beads  t o  be 

t r a n s p o r t e d  i n  t h e  model. This  r e s u l t e d  i n  unreasonably  and unneces- 

s a r i l y  Large c o s t s  f o r  conduct ing model t e s t s  s i n c e  s i m i l a r  movement and 

c o n c l u s i o n s  could  be reached u s i n g  a  c o a l  t r a c e r  i n  a  much s h o r t e r  

p e r i o d  of time. 

D e t a i l e d  Reach Response T e s t i n g  

61. I n i t i a l  d e t a i l e d  beach response  tests were per.Eormed wi th  
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c o a l  and p l a s t i c  as a d d i t i o n a l  q u a n t i t i e s  of  g l a s s  beads  had t o  be 

o rde red  t o  form a  beach. These e a r l y  t e s t s  w i t h  c o a l  and p l a s t i c s  were 

r u n  i n  o r d e r  t o  deve lop  t e s t  p rocedures  and pa ramete r s .  

Tes t  c o n d i t i o n s  

62. The beach response  t e s t s  were conducted w i t h  a  c o n s t a n t  w a t e r  

l e v e l  s e t  a t  h i g h  w a t e r  (+2.5 f t  m t l ) .  T ides  were n o t  used u n t i l  l a t e r  

i n  t h e  t e s t i n g  program, and then  comparisons w i t h  n o n t i d a l  t e s t s  of  

s i m i l a r  c o n d i t i o n s  i n d i c a t e d  t h e r e  was n o t  a s i g n i f i c a n t  d i f f e r e n c e  i n  

t h e  r e s u l t s .  Cons tan t  high-water l e v e l s  maximized m a t e r i a l  movement 

over  t h e  we i r .  A deepwater  wave a n g l e  of  30 deg w a s  used i n i t i a l l y  f o r  

bo th  t h e  upcoas t  and downcoast waves. L a t e r  i n  t h e  t e s t i n g ,  a  40-deg 

deepwater wave a n g l e  was used.  The wave p e r i o d  was mainta ined a t  10 s e c  

f o r  t h e  p r o t o t y p e  ( 1  s e c  f o r  t h e  model) f o r  a l l  t e s t i n g .  Deepwater wave 

h e i g h t  was e i t h e r  5 f t  (0.05 f t  f o r  t h e  model) o r  10 f t  (0.10 f t  f o r  t h e  

model) .  Three d i f f e r e n t  i n i t i a l  s l o p e s  f o r  t h e  molded beach were used 

and a r e  noted on t h e  p l a t e s  showing t e s t  r e s u l t s .  During t h e  tests t h e  

s h o r e l i n e  p lanform was p e r i o d i c a l l y  measured from a r e f e r e n c e  l i n e  and 

when a n  e q u i l i b r i u m  planform f o r  t h e  upcoas t  wave was reached n e a r  t h e  

w e i r  j e t t y ,  t h e  t e s t  was s topped and a downcoast wave was run. The 

equf- l ihr ium planform was determined by r e p e a t e d  measurements of t h e  

beach planform a t  1 - f t  inc rements  (model f e e t )  from a shoreward r e f e r e n c e  

l i n e  a t  ha l f -hour  i n t e r v a l s  of t h e  t e s t  and de te rmin ing  t h e  r a t e  of 

change a t  each l o c a t i o n  f o r  each t ime i n t e r v a l .  When t h e  r a t e  oE change 

was s m a l l  o r  began o s c i l l a t i n g  p l u s  o r  minus, a  nea r -equ i l ib r ium planform 

was assumed. I n  some t e s t s  t h e  m a t e r i a l  moving o v e r  t h e  we i r  was p e r i -  

o d i c a l l y  removed and measured,  h u t  i n  o t h e r  t e s t s  i t  was pe rmi t t ed  t o  

accumulate  i n  o r d e r  t o  n o t e  p a t t e r n s  of d e p o s i t i o n .  The 19 t e s t s  con- 

duc ted  a r e  reviewed i n  t h e  f o l l o w i n g  pa ragraphs  and Table  3  summarizes 

the  t e s t i n g .  F i l l e t  a r e a s  and d e p o s i t i o n  volume g iven  i n  Table  3  a r e  

p r e s e n t e d  i n  model. d imensions  and shou ld  n o t  be e x t r a p o l a t e d  t o  p ro to -  

type  c o n d i t i o n s  f o r  d i r e c t  use  i n  d e s i g n  o r  p lann ing  purposes  b u t  a r e  

o n l y  t o  be used f o r  r e l a t i v e  compar isons .  

T e s t  1  ( P l a n  1) 

63. P l a t e  33 shows t e s t  c o n d i t i o n s  and t h e  r e s u l t i n g  planform f o r  



t h e  0.5 mm c o a l .  The f i l l e t  formed by t h e  upcoas t  wave was s~.slL, ex- 

t e n d i n g  400 i t  ( 4  f t  f o r  t h e  model) upcoast  from t h e  j e t t y  b e f o r e  re -  

ceding behind t h e  o r i g i n a l  s h o r e l i n e  f o r  t h e  nex t  700 f t .  Also,  t h e  

f i l l e t  would n o t  b u i l d  o u t  t o  t h e  shoreward end of t h e  weir s e c t i o n .  

The r e l a t i v e l y  l a r g e  s torm wave (10 f t )  was assurned t o  be t h e  cause  oE 

t h e  Limited amount of a c c r e t i o n .  P l a t e  34 i s  a photograph of t h e  r e g i o n  

a f t e r  t h e  upcoas t  wave. I n t e r e s t i n g  t o  n o t e  i s  t h e  accumuLation oE ina- 

t e r i a l  i n  t h e  shoreward end of t h e  d e p o s i t i o n  b a s i n  behind t h e  shoreward 

edge of t h e  we i r  and aLso t h e  s i g n i f i c a n t  amount of m a t e r i a l  i.n t h e  sea-  

ward p o r t i o n  of t h e  b a s i n .  P l a t e  35 shows t h e  s t u d y  a r e a  a f t e r  t h e  down- 

c o a s t  wave had been run. Seventy-one p e r c e n t  of t h e  f i l l - e t  was eroded by 

t h e  downcoast wave ( s e e  Table  3  f o r  d e t a i l s  of t e s t i n g ) .  During t h e  

test ,  feed ing  of t h e  beach was by demand; t h a t  is,  a uniform beach was 

mainta ined a t  t h e  i n i t i a l  w a t e r l i n e  a t  t h e  upcoas t  end of t h e  beach.  

Tes t  2 (P lan  1) 

64. The upcoas t  wave was reduced t o  5  f t  from t h e  p rev ious  t e s t .  

A much l a r g e r  f i l l e t  was ob ta ined  ( f i v e  tirnes l a r g e r  i n  a r e a ,  s e e  

P l a t e  36) even though t h e  upcoast  wave was run  1 h r  Less. The downcoast 

wave removed a l l  t h e  f i l l e t  excep t  f o r  a  s m a l l  a r e a  a d j a c e n t  t o  t h e  j e t t y .  

Tes t  3  (P lan  1) 

65. P l a s t i c  was used f o r  t h e  same wave c o n d i t i o n s  as t e s t  2. 

S ince  on ly  a  l i m i t e d  supp ly  was a v a i l a b l e ,  a  s m a l l e r  beach was p repared  

f o r  t e s t i n g  than  was p r e v i o u s l y  used ( P l a t e  37) .  This  r e s u l t e d  i n  

i n c r e a s e d  t ime t o  b u i l d  t h e  beach t o  a  near -equ i l ib r ium planform s i n c e  

t h e  f i l l e t  development was begun from a  more shoreward p o s i t i o n .  The 

5-f t  wave a g a i n  provided a  l a r g e  f i l l e t  ( P l a t e  38) and t h e  downcoast 

wave removed 90 p e r c e n t  of t h i s  f i l l e t .  The l a r g e  a c c r e t i o n a r y  r e g i o n  

l o c a t e d  a long  t h e  upcoas t  beach a f t e r  runn ing  t h e  downcoast wave was a 

model e f f e c t  due t o  t h e  l i m i t s  of coverage of t h e  s h o r e l i n e  by t h e  down- 

c a s t  wave ( i . e . ,  i t  was i n  t h e  d i f f r a c t i o n  zone of t h e  downcoast wave 

g e n e r a t o r ) .  Th i s  is  t r u e  f o r  a l l  o t h e r  t e s t s  f o r  which t h e  downcoast 

wave g e n e r a t o r  was used.  P l a t e  39 shows t h e  f i l l e t  a f t e r  i t  h a s  been 

eroded a t  t h e  end of t h e  t e s t  and shows accumula t ion  i n  t h e  d e p o s i t i o n  

b a s i n  shoreward of t h e  we i r .  



Test.  4 (P lan  1) - 
66. This  was t h e  f i r s t  t e s t  w i t h  t h e  0.13-mm g l a s s  beads which 

had been s e l e c t e d  on t h e  b a s i s  of t h e  two-dimensional wave flume t e s t i n g .  

The i n i t i a l  beach s l o p e  was 1:13 and a  5 - f t  upcoas t  wave was run f o r  

50 h r  (model). The b e a c h l i n e  was measured e v e r y  2 h r  t o  de te rmine  when 

a n e a r  Ly " e q u i l i h r  i.ilm" planform was ob ta ined .  P l a t e s  40-42 show t h e  

r e s u l t i n g  planforms a f t e r  t h e  upcoas t  and downcoast waves. Gradual 

e r o s i o n  occurred i n  t h e  r e g i o n  600 t o  1400 f t  upcoas t  of t h e  j e t t y  w h i l e  

t h e  upcoast  wave was run. J u s t  upcoast  of t h e  e rod ing  a r e a  t h e r e  was a n  

accumulat ion of sediment o f f s h o r e  ( s e e  top  of P l a t e  42) accompanied by a  

r i p  c u r r e n t  a t  t h a t  Location.  It was thought t h a t  perhaps  the  f e e d i n g  

r a t e  was too high caus ing  a n  accuniula t ion a t  t h i s  l o c a t i o n  which i n  t u r n  

a i d e d  i n  g e n e r a t i n g  a  r i p  c u r r e n t  and t h u s  s h o r t - c i r c u i t i n g  t h e  l i t t o r a l  
2 

movement. Table 3  shows t h a t  t h e  f i l l - e t  a r e a  of 4.78 f t  is  o n l y  about  

one-half  t h a t  of T e s t  2 ,  r u n  w i t h  c o a l ,  a l though  t h e  bead t e s t  was run  
3  

12 t i m e s  longer .  Of t h e  2.051 f t  of m a t e r i a l  f e d ,  on ly  0.118 f t 3  de- 

p o s i t e d  i n  t h e  bas in .  There fore  t h e  n e x t  t e s t  was des igned t o  lower t h e  

f e e d i n g  r a t e  t o  reduce t h e  p o s s i b i l i t y  of "clogging" t h e  l i t t o r a l  d r i f t .  

T e s t  5  (P lan  1) 

67. Tes t  c o n d i t i o n s  were s i m i l a r  t o  those  f o r  t e s t  4 excep t  t h a t  

t h e  feed  r a t e  was reduced. A f t e r  60 h r  (model) of upcoast  waves t h e  
2  

f i l l e t  s i z e  of 4.90 f t  was o n l y  s l i g h t l y  Larger than t h e  one of t e s t  4  
3  and d e p o s i t i o n  i n t o  t h e  b a s i n  was s l i g h t l y  less--0.095 f t  . R e s u l t s  a r e  

shown i n  P l a t e s  43-45. A s  d i s c u s s e d  e a r l i e r ,  a n  i n t e r e s t i n g  phenomenon 

was noted d u r i n g  t h i s  t e s t  which was thought  t o  c o n t r i b u t e  t o  under- 

s t a n d i n g  sediment movement upcoas t  of t h e  j e t t y .  Waves were observed 

be ing  r e f l e c t e d  o f f  t h e  o u t e r  l e g  of t h e  upcoast  j e t t y .  These r e f l e c t e d  

waves became n o t i c e a b l e  a s  t h e y  shoa led  on t h e  sediment accumula t ion  as 

s e e n  i n  P l a t e  46 ( look ing  upcoas t  f r o ~ n  t h e  j e t t y ) .  Their  i n i t i a l  c o n t a c t  

w i t h  t h e  s h o r e l i n e  began a t  t h i s  l o c a t i o n  and s t r e t c h e d  upcoas t .  The 

i n t e r a c t i o n  of i n c i d e n t  and r e f l e c t e d  waves i n  t h i s  a r e a  a i d e d  i n  t h e  

o f f s h o r e  t r a n s p o r t  of sediment .  

T e s t  6  (P lan  1) 

68. I n  o r d e r  t o  i n c r e a s e  l i t t o r a l  t r a n s p o r t  and d i r e c t  t h e  wave 



r e f l e c t e d  o f f  t h e  o u t e r  l e g  of t h e  w e i r  j e t t y  f a r t h e r  u p c o a s t ,  t h e  

deepwater wave a n g l e  wi th  t h e  c o a s t  was i n c r e a s e d  from 30 t o  40 deg. 

The upcoas t  wave was run  f o r  60 h r  (model) and a s l i g h t l y  s m a l l e r  f i l l e t  
2  

(3.77 f t  ) was formed. Material volume d e p o s i t e d  i n  t h e  b a s i n  was 

s l i g h t l y  i n c r e a s e d  over  t e s t  5 (Table  3 ) .  P l a t e s  47 and 48 show t h e  

r e s u l t s .  Also Table 3  shows t h a t  1.121 f t 3  was fed  upcoas t  but o n l y  
3 0.107 f t  d e p o s i t e d  i n  t h e  b a s i n ,  a somewhat s i m i l a r  p r o p o r t i o n  a s  f o r  

t h e  p rev ious  t e s t s  wi th  g l a s s  beads.  A s  s e e n  i n  P l a t e  48 t h e r e  i s  s t i l l  

a  similar p a t t e r n  of sediment accumulat ion o f f s h o r e  and e r o s i o n  j u s t  

upcoas t  of t h e  f i l l e t .  It appeared t h a t  r e f l e c t e d  waves were s t i l l  

i n h i b i t i n g  longshore  t r a n s p o r t  and c r e a t i n g  o f f s h o r e  movement. 

T e s t  7 (P lan  1) 

69. It was p o s t u l a t e d  t h a t  perhaps  a l a r g e r  wave would i n c r e a s e  

t h e  l i t t o r a l  t r a n s p o r t  a long  t h e  c o a s t  by i n c r e a s i n g  t u r b u l e n c e  and 

a longshore  wave t h r u s t  a t  t h e  1:100 s c a l e  and the reby  overcome e f f e c t s  

of waves r e f l e c t i n g  o f f  t h e  s t r u c t u r e .  P l a t e s  49-52 show r e s u l t s  f o r  

t h i s  t e s t  which was run f o r  t h e  upcoas t  wave o n l y  f o r  16 h r  (model). 

Th i s  t e s t  had c l o s e  t o  t h e  same wave energy  i n p u t  a s  t e s t  6  s i n c e  t h e  

10-f t  wave d u r a t i o n  was abou t  one-four th  a s  g r e a t .  A f i l l e t  of 2.60 f t  
2 

was formed, s m a l l e r  than  t h e  p rev ious  t e s t  by about  30 p e r c e n t ;  however, 

t h e  d e p o s i t i o n  b a s i n  cap tured  a lmos t  double  t h e  amount of sediment .  

P l a t e  50 shows t h a t  two d i s t i n c t  zones i n  t h e  d e p o s i t i o n  b a s i n  were 

f i l l i n g ,  The shoreward p o r t i o n  of t h e  b a s i n  was f i l l i n g  i n  t h e  same 

manner a s  i n  p rev ious  t e s t s ,  bu t  t h e  oceanward p o r t i o n  was f i l l i n g  due 

t o  suspended sediment coming o v e r  t h e  oceanward end oE t h e  weir .  P l a t e  

51 shows a l s o  a  s i g n i f i c a n t  amount of sediment  was moving oceanward 

a long  t h e  o u t e r  p o r t i o n  of t h e  upcoas t  j e t t y .  P l a t e  52 ( look ing  u p c o a s t )  

shows a  c u s p l i k e  b e a c h l i n e  c r e a t e d  by t h e  i n t e r a c t i o n  of i n c i d e n t  and 

r e f l e c t e d  waves a s  d i s c u s s e d  i n  a  p rev ious  s e c t i o n .  

T e s t  8  (P lan  1) 

70. In  t e s t  7, t h e  molded beach d i d  n o t  extend f a r  enough ocean- 

ward t o  reach t h e  p o i n t  of i n i t i a l  b reak ing  f o r  the l a r g e r  wave used i n  

t h a t  t e s t .  I n  o r d e r  t o  ex tend  t h e  seaward t o e  of t h e  beach t o  t h a t  

l o c a t i o n  wi th  t h e  l i m i t e d  supp ly  of bead sed iment ,  the  beach s l o p e  was 



reduced from 1 :  13 t o  1 :  27. The i n i t i a l  high-water l i n e  was main ta ined  

a t  t h e  same l o c a t i o n  a s  f o r  t h e  p r e v i o u s  t e s t s .  Th i s  t e s t  was run  f o r  

6 0  h r  and P l a t e s  53-56 show t e s t  r e s u l t s .  P l a t e  5 4  shows t h e  t e s t i n g  

a f t e r  16 h r  (which can be compared wi th  t e s t  7,  which a l s o  was r u n  f o r  

16 Izr). Comparison of P l a t e s  5 0  and 5 4  shows t h a t  t h e r e  was more o f f -  

s h o r e  movement a l o n g  t h e  j e t t y .  A t  t h e  end of t h e  t e s t ,  t h e  f i l l e t  

a g a i n s t  t h e  j e t t y  was s m a l l e r  t h a n  t h a t  of t h e  p r e v i o u s  t e s t  by abou t  

one- th i rd .  However, t h e  s h o r e l i n e  t r e n d  i s  s i m i l a r  (compare P l a t e s  49 

and 53) a s  t h e r e  was s t i l l  e r o s i o n  i n  t h e  r e g i o n  j u s t  upcoas t  of t h e  

f i l l e t .  P l a t e  56  shows t h e  movement of sediment  o f f s h o r e  a long  t h e  

j e t t y .  The p a t h  of t h e  sediment  i s  i n i t i a l l y  a long  t h e  ocean s i d e  of 

t h e  w e i r ,  t hen  t h e r e  is a  g r a d u a l  l a t e r a l  t r a n s f e r  ( i n  t h e  upcoas t  

d i r e c t i o n )  of some sediment .  Th i s  r e g i o n  had a  complex c i r c u l a t i o n  due 

t o  t h e  s h o r t - c r e s t e d  wave f i e l d  caused by waves r e f l e c t e d  o f f  t h e  o u t e r  

l e g  of t h e  j e t t y  p l u s  a c i r c u l a t i o n  induced by t h e  longshore  c u r r e n t s  

be ing  d e f l e c t e d  f i r s t  o f f s h o r e  a long  t h e  we i r  s e c t i o n ,  then  t end ing  t o  

be r e c i r c u l a t e t l  back upcoas t .  There a l s o  w a s  a n  oceanward component of 

movement of t h e  sediment  i n  a  d i r e c t i o n  p a r a l l e l  t o  t h e  o u t e r  l e g  of t h e  

j e t t y  caused by t h e  v e l o c i t i e s  c r e a t e d  i n  t h e  s h o r t - c r e s t e d  wave f i e l d  

superimposed on t h e  d e f l e c t e d  longshore  c u r r e n t s  and a l s o  a i d e d  by t h e  

o f f s h o r e  s l o p e  of t h e  beach. PLate 56 a l s o  shows a  r e g i o n  of no o f f -  

s h o r e  movement where t h e  model bottom was c l e a r  of sediment.  Shoreward 

of t h i s  r e g i o n  was the  p o i n t  of maximum s h o r e l i n e  r e c e s s i o n .  Upcoast of  

t h i s  a r e a  t h e r e  was o f f s h o r e  t r a n s p o r t  of sediment  due t o  a  n e t  bottom 

c u r r e n t  i n  t h e  wave E ie ld  ( a l s o  noted i n  t h e  two-dimensional flume t e s t s  

i n  Appendix A ) .  I t  appeared t h a t  a  ve ry  slow r e t u r n  c i r c u l a t i o n  eddy was 

c a n c e l l i n g  t h i s  o f f s h o r e  rnovetnent i n  t h e  a r e a  oE e r o s i o n  and changing 

t h e  c h a r a c t e r  of t h e  approach ing  wave s o  t h a t  t h e  b r e a k e r  was c l o s e r  

t o  t h e  s h o r e  a t  t h i s  Locat ion.  Also a t  t h i s  l o c a t i o n  t h e  longshore  cur-  

r e n t  tended t o  d e v i a t e  from t h e  s h o r e l i n e  and move o f f s h o r e  ( P l a t e  19), 

which might a i d  i n  keeping t h e  s h o r e l i n e  more r e c e s s e d  than  t h e  r e g i o n  

upcoas t . 
T e s t  9 (P lan  1) 

71.  In  o r d e r  t o  de te rmine  t h e  i n f  Luence of the  waves r e E l e c t e d  



o f f  t h e  upcoas t  j e t t y  on t h e  movement of t h e  bend sediment ,  wave a b s o r b e r  

was p laced  a long  t h e  upcoast  j e t t y  t o  s i g n i f i c a n t l y  reduce  wave r e f  lec-  

t i o n .  The test was run f o r  20 h r  and e r o s i o n  j u s t  upcoast  o f  t h e  f i l . l e t  

s t i l l  occur red  b u t  a t  a  s lower  r a t e .  P l a t e s  57 and 58 show t h e  r e s u l t s .  

Table  3 i n d i c a t e s  a l a r g e r  f i l l e t  (by a  f a c t o r  of two) f o r  t h i s  t e s t  

r e l a t i v e  t o  t h e  p rev ious  tes t ,  though as i n  e a r l i e r  t e s t s ,  e r o s i o n  of 

t h e  f i l l e t  a r e a  con t inued .  Depos i t ion  i n  t h e  b a s i n  was o c c u r r i n g  a t  n 

f a s t e r  r a t e  than  i n  t e s t  8, i n d i c a t i n g  t h a t  s i g n i f i c a n t  r e d u c t i o n  of t h e  

r e f l e c t e d  wave p e r m i t t e d  b e t t e r  t r a n s p o r t  t o  the  weir .  A t  thLs p o i n t  i n  

t h e  t e s t i n g  program i t  became obvious  t h a t  due t o  t ime and c o s t  Limita-  

t i o n s ,  c o a l  would be a  more s a t i s f a c t o r y  t r a c e r  m a t e r i a l .  In t h e  p re -  

l iminary  t e s t s  ( f o r  a  s n a l l  a c c r e t i o n a r y - t y p e  wave), a f u l l  f i l l e t  was 

b u i l t  upcoas t  w i t h  c o a l  wi thou t  t h e  e r o s i o n a l  t e n d e n c i e s  noted i n  t h e  

g l a s s  bead tests. Another key f a c t o r  i n  u s i n g  c o a l  was tlie r e d u c t i o n  i n  

t e s t i n g  t ime.  Read t e s t s  r e q u i r e d  a  run t ime on t h e  o r d e r  of 70 model 

h o u r s ,  whi le  c o a l  t e s t s  cou ld  be completed i n  abou t  8  model hours .  The 

pr imary f a u l t  w i t h  t h e  bead appeared t o  be  i t s  l a c k  of r e sponse  t o  t h e  

longshore  c u r r e n t s  p a r a l l e l  t o  t h e  c o a s t .  Onshore-offshore movement was 

c o r r e c t l y  s i m u l a t e d  i n  t h e  model f o r  t h e  g i v e n  t e s t  c o n d i t i o n  when 

compared wi th  what would be expec ted  from a  s i m i l a r  p r o t o t y p e  c o n d i t i o n .  

The tendency f o r  more o f f s h o r e  movement w i t h  t h e  bead than  t h e  c o a l  as 

seen  i n  t h e  flume t e s t s  should  n o t  have d e t e r r e d  t h e  fo rmat ion  of a  

f i l l e t  n e a r  t h e  weir .  A s  seen  by Shepard (1950) i n  a  s t u d y  of a pocke t  

beach i n  C a l i f o r n i a  responding t o  a  change i n  wave d i r e c t i o n ,  a t  a  t i m e  

of h i g h  waves t h e  beach would grow oceanward a t  t h e  downdr i f t  end of t h e  

pocket  y e t  m a i n t a i n  a  s to rm p r o f i l e .  It would seem r e a s o n a b l e  t o  e x p e c t  

t h e  beads  t o  respond i n  a  s i m i l a r  manner. 

72. The t h r e s h o l d  v e l o c i t y  (Komar and Miller 1973) of t h e  beads  

due t o  a  1-sec wave of 0.1 f t  h e i g h t  i n  0.1 f t  of wa te r  was 0.40 f p s  and 

t h a t  of t h e  c o a l  was 0.28 f p s .  For i n c i p i e n t  motion of a  p a r t i c l e  on a 

f i x e d  smooth bed due t o  u n i d i r e c t i o n a l  f l o w  (Novak and N a l l u r i  1974) c a l -  

c u l a t i o n s  show t h e  i n c i p i e n t  v e l o c i t y  f o r  t h e  bead was 0.37 f p s  and t h a t  

of c o a l  was 0.25 f p s .  For t h e  s m a l l e r  waves used i n  t h i s  s t u d y  t h e  i n -  

c i p i e n t  v e l o c i t y  of t h e  bead was c l o s e  t o  t h a t  of t h e  longshore  c u r r e n t  



b e i n g  genera ted  and t h e  c o a l  was a b l e  t o  move more r e a d i l y  a longshore .  

73. An examinat ion of p r e v i o u s  mathematical modeling of f i l l e t  

e v o l u t i o n  i n d i c a t e s  good r e s u l t s  have been o b t a i n e d  w i t h o u t  s i m u l a t i n g  

onsilore-o EEsl~ore t r a n s p o r t  , thu:: i n d i c a t i n g  t h a t  t h e  Longshore t r a n s p o r t  

mechanism dorni n a t e s  the  onshore-of Eshorc two-dimens i o n a l  t r a n s p o r t  i n  

t h e  format ion of f  i l . l e t s .  I f  t h i s  is the  c a s e ,  t h e  h i g h e r  i n c i p i e n t  

v e l o c i t i e s  r e q u i r e d  f o r  t h e  bcad must be t h e  main f a c t o r  p r e v e n t i n g  

Eorrna t ion  of a f ~ ~ l l y  a c c r e t i o n a r y  f i Lle t  by p e r m i t t i n g  t h e  s h o r e  l i n e  

c i r c u l a t i o n  c e l l s  g e n e r a t e 4  by t h e  r e f l e c t e d  waves t o  c o n t r o l  t h e  Long- 

s h o r e  qlove~nerl t  of tlie r e l a t i v e l y  h e a v i e r  bead; t h a t  i s ,  longshore  move- 

meat i s  reduced which p e r m i t s  accumulation..; upcoas t  i n  t h e  p resence  of 

c i r c u l a t i o n  eel-ls which deELect m a t e r i a l  o f f s h o r e .  

T e s t  10 (P lan  1) -- 
74. The 0.5-mm c o a l  was rnolded t o  a  1: 27 s l o p e ,  a s  i n  bead 

t e s t s  8 and 9 ,  and t h e  5.0-ft upcoast  wave was run f o r  7 h r .  Every hour  

t h e  d e p o s i t i o n  i n  t h e  b a s i n  was removed and measured vo lumet r i ca lLy ,  

A f t e r  4 h r  t h e  r a t e  of d e p o s i t i o n  i n  t h e  b a s i n  reached a c o n s t a n t  l e v e l ,  

Oeposi-t ion d o r i n g  hour 4 was 0.495 f t 3  and d e p o s i t i o n  d u r i n g  hour 5  was 
3 

0.484 E t  . Simu l t a n e o u s l y  wi th  the  volutnet r ic  measurements, t h e  r a t e  

of s h o r e l i n e  change a l s o  was be ing  examined hour ly .  A f t e r  5  tir t h e r e  

were no s i g n i f i c a n t  changes i n  t h e  f i l l e t  planform n e a r  t h e  we i r .  

During hour 6 a n  i n c r e a s e d  feed  r a t e  was t r i e d  b u t  o n l y  r e s u l t e d  i n  

upbeach accurnulations t h a t  slowed t r a n s p o r t  i n t o  t h e  b a s i n .  The f i l l e t  

r e g i o n  showed no s i g n i f i c a n t  change d u r i n g  t h e  l a s t  2 h r .  There fo re  i t  

was decided t h a t  a  7-hr t e s t  was of s u f f i c i e n t  d u r a t i o n  t o  deve lop  a n  

e q u i l i b r i u m  f i l l e t  n e a r  t h e  w e i r  ( i n  t h e  range of 1000 f t  upcoas t  of t h e  

w e i r ) .  Th i s  test ( P l a t e  59) can be compared wi th  t e s t  6 ( P l a t e  4 7 ) ,  a  

bead t e s t  similar i n  wave pa ramete r s  bu t  d i f f e r e n t  i n  beach s l o p e  and 

d u r a t i o n .  When s h o r e l i n e s  a f t e r  t h e  upcoas t  waves a r e  compared, i t  can  

be s e e n  t h a t  t h e r e  was no e r o s i o n  r e g i o n  a l o n g  t h e  upcoas t  s h o r e l i n e  as 

t h e r e  was f o r  bead t e s t  6 due t o  t h e  i n c r e a s e d  r a t e  of longshore  move- 

ment of c o a l  o v e r  t h a t  of t h e  beads.  Also i t  is  of i n t e r e s t  t o  compare 

t h i s  t e s t  wi th  t e s t  3 ( P l a t e  37) i n  which p l a s t i c  beads  were used. The 

accumula t ion  n e a r  t h e  j e t t y  f o r  upcoas t  waves was s i m i L a r ,  and f a r t h e r  



u p c o a s t ,  t h e  p l a s t i c  beach receded more due t o  t h e  i n i t i a l  s h o r e l i n e  

being l o c a t e d  f a r t h e r  landward. 

75. Because of t h e  f a i r l y  r a p i d  movement of t h e  c o a l ,  a  1-hr 

(model) downcoast wave d u r a t i o n  was s e l e c t e d .  It was a n t i c i p a t e d  t h a t  

t h e  t ime i n t e r v a l  would p r o v i d e  some i n d i c a t i o n  of f i l l e t  shape v a r i a t i o n  

among t h e  v a r i o u s  j e t t y  p l a n s  f o r  a downcoast wave. P l a t e s  60 and 61 

show photographs a f t e r  t h e  upcoas t  and downcoast waves, r e s p e c t i v e l y .  
2  

Table  3  shows t h a t  t h e  f i l l e t  c o n t a i n e d  12.00 f t  of s u r f a c e  a r e a  a f t e r  

t h e  upcoast  wave and 5.77 f t 2  a f t e r  t h e  downcoast wave, a  r e d u c t i o n  of 

52 p e r c e n t  d u r i n g  t h e  1-hr (model) downcoast wave exposure .  

76. A s  shown i n  P l a t e s  59 and 60,  t h e  f i l l e t  n e v e r  reached t h e  

we i r  bu t  s t a b i l i z e d  a t  a  p o i n t  abou t  80  f t  (0.8 f t  model) landward of 

t h e  w e i r  s e c t i o n .  Th is  l o c a t i o n  was reached a f t e r  1 h r  i n t o  t h e  t e s t  

and remained c o n s t a n t  f o r  t h e  remainder  of t h e  upcoas t  wave. P l a t e  60 

i n d i c a t e s  t h e  manner i n  which t h e  b a s i n  f i l l e d .  The sediment moved over  

t h e  weir and t o  t h e  shoreward c o r n e r  of t h e  b a s i n ,  s e t t l i n g  a d j a c e n t  t o  

t h e  j e t t y .  A s  t h i s  r e g i o n  f i l l e d  enough t o  emerge above t h e  wa te r  

l e v e l ,  i t  was pushed shoreward a long  t h e  i n s i d e  f a c e  of t h e  j e t t y  by 

r e f r a c t i n g  waves. 

T e s t  11 (Plan 2) 

77. The Plan 2  j e t t y  sys tem (wi th  t h e  upcoas t  j e t t y  making an  

a n g l e  of 60 deg wi th  t h e  s h o r e l i n e )  was t e s t e d  i n  t h e  same manner a s  t h e  

Plan 1 system of t e s t  10. R e s u l t s  a r e  shown i n  P l a t e s  62-64. The 
2  

upcoas t  f i l l e t  had a s u r f a c e  a r e a  of 9.61 f t  a f t e r  t h e  upcoas t  wave and 

was t o t a l l y  removed back upcoas t  by 1 h r  o f  t h e  downcoast wave. Also,  a 

l e s s e r  amount of m a t e r i a l  was d e p o s i t e d  i n  t h e  b a s i n  (Table  3) t h a n  i n  

t e s t  10. This  was p robab ly  due t o  i n c r e a s e d  movement of m a t e r i a l  oEE- 

s h o r e  ( s e e  P l a t e  63) a s  a r e s u l t  of i n c i d e n t  wave-ref lected wave i n t e r -  

a c t i o n  a t  t h e  s h o r e l i ~ i e .  Sediment t r a n s p o r t  over  t h e  weir occur red  a t  

t h e  shoreward edge a s  i n  test  10. 

T e s t  12 (P lan  3)  

78. The Plan 3  j e t t y  system, w i t h  t h e  i n n e r  we i r  s e c t i o n  of t h e  

j e t t y  making an a n g l e  o f  30 deg wi th  t h e  s h o r e l i n e ,  was t e s t e d  f o r  t h e  

same c o n d i t i o n s  a s  tests 10 and 11 ( i . e . ,  P lans  1 and 2 ) .  P l a t e s  65-67 



show t h e  r e s u l t s  a f t e r  upcoas t  and downcoast waves. The f i l l e t  s t a b i -  

l i z e d  shoreward of t h e  edge of t h e  we i r  a s  i n  t h e  p rev ious  t e s t s  and 

sediment t r a n s p o r t  was conf ined  t o  t h e  shoreward p o r t i o n  of t h e  we i r .  

Once a g a i n  t h e r e  was o f f s h o r e  movement of some sediment upcoast  of t h e  

we i r  due t o  t h e  i n t e r a c t i o n  of i n c i d e n t  and r e f l e c t e d  waves ( P l a t e s  66 
3  

and 67).  Table  3  i n d i c a t e s  t h a t  2.520 f t  of m a t e r i a l  was d e p o s i t e d  

i n  t h e  bas in - - l ess  than  t h a t  of t e s t  10 (P lan  1) b u t  more than t h a t  

of t e s t  11 (P lan  2). The upcoas t  f i l l e t  s i z e  was 6.25 f t 2 ,  l e s s  t h a n  

Plan 1 o r  Plan 2  f i l l e t s  by a  c o n s i d e r a b l e  amount. There fore ,  i t  ap- 

p e a r s  t h a t  o f f s h o r e  movement upcoast  of t h e  we i r  i s  g r e a t e r  f o r  Plan 3  

than  f o r  P lan  1 and Plan 2. The downcoast wave complete ly  removed t h e  

accumulated f i l l e t  ( P l a t e  67) .  

T e s t  13 ( P l a n  3) 

79. This  t e s t  was des igned t o  i n v e s t i g a t e  t h e  e f f e c t  of a  5 .0-f t  

t i d e  on t h e  sediment movement. There fore ,  when compared w i t h  p rev ious  

t e s t i n g ,  t h i s  t e s t  had a  v a r i a b l e  w a t e r  s u r f a c e  and t i d a l  c u r r e n t s .  The 

t e s t  w a s  run f o r  s i x  t i d a l  c y c l e s  f o r  t h e  upcoas t  wave ( e q u a l l i n g  abou t  

7.5 model hours)  and one t i d a l  c y c l e  f o r  downcoast waves ( e q u a l l i n g  

abou t  1.25 model h o u r s ) .  There fore ,  t h e  t e s t  d u r a t i o n  was n e a r l y  t h e  

same as f o r  t h e  no- t ide  t e s t i n g .  The f i l l e t  s i z e  accumulated d u r i n g  t h e  

upcoas t  wave w a s  narrower  bu t  longer  (compare P l a t e s  65 and 68) and 
2 

con ta ined  15.35 f t  . This  is  s i g n i f i c a n t l y  l a r g e r  than  t h e  no- t ide  

f i l l e t  of test 12,  and w a s  due t o  i t s  longer  e x t e n t  upcoast  which may, 

i n  t u r n ,  be due t o  having an  average  lower w a t e r  l e v e l  dur ing  t h e  test. 

Depos i t ion  i n  t h e  b a s i n  was reduced by 19 p e r c e n t .  Also,  comparison of 

P l a t e s  66 and 69 shows t h a t  t h e r e  is  a s l i g h t  i n c r e a s e  i n  d e p o s i t i o n  

seaward of t h e  f i l l e t  upcoast  of t h e  weir .  Th i s  probably  is  due t o  t h e  

t i m e s  when t h e  wa te r  Level was below t h e  we i r  c r e s t  and Longshore cur-  

r e n t s  were d e f l e c t e d  a long  t h e  o f f s h o r e  j e t t y .  In  a d d i t i o n ,  t h e  lower 

water  l e v e l s  permit  g r e a t e r  wave r e f l e c t i o n  o f f  t h e  we i r  which i n t e r -  

a c t e d  wi th  t h e  i n c i d e n t  wave, producing i n c r e a s e d  o f f s h o r e  t r a n s p o r t .  

The downcoast wave d i d  n o t  c u t  back t h e  s h o r e l i n e  n e a r  t h e  j e t t y  a s  f a r  

( t h e  f i l l e t  was reduced i n  s i z e  by 5 3  p e r c e n t )  a s  t h e  no- t ide  test 

(compare P l a t e s  67 and 70) ,  probably  due t o  t h e  va ry ing  wate r  l e v e l  and 



p o s s i b l y  due t o  t h e  e f f e c t s  of t h e  ebb jet ( e x i t i n g  t h e  channel)  on t h e  

downcoast wave. Th is  j e t  would r e f r a c t  t h e  wave c r e s t ,  t h u s  reduc ing  

i t s  a n g l e  w i t h  t h e  s h o r e l i n e .  

T e s t  14 (P lan  3) 

80. To examine e f f e c t s  of a  s torm wave on t h e  movement of sediment 

near  t h e  j e t t y ,  t h e  Plan 3  c o n f i g u r a t i o n  was s u b j e c t e d  t o  an  i n c r e a s e d  

upcoas t  wave h e i g h t  of 10.0 f t  f o r  t h e  same d u r a t i o n  (7.0 h r )  as used i n  

p rev ious  t e s t s .  Other test c o n d i t i o n s  remained t h e  same a s  i n  t e s t s  10,  

11, and 12. It had been noted i n  t h e  h y d r a u l i c  t e s t i n g  t h a t  s t r o n g  

c u r r e n t s  a long t h e  upcoast  s i d e  of t h e  j e t t y  e x i s t e d  f o r  h i g h  wave 

c o n d i t i o n s .  P l a t e s  71 and 72 i n d i c a t e  t h a t  t h e r e  was on ly  a s m a l l  

f i l l e t  (1.15 f t L )  b u i l t  a g a i n s t  t h e  j e t t y  and a  s l i g h t  e r o s i o n  of t h e  

o r i g i n a l  s h o r e l i n e  upcoast  of t h e  accumulat ion.  F a r t h e r  upcoas t  of t h e  

r e g i o n  of e r o s i o n  t h e r e  was a  bu i ldup  of t h e  b e a c h l i n e  which i n d i c a t e d  

t h e  r e g i o n  a d j a c e n t  t o  t h e  j e t t y  was n o t  be ing  under fed ,  bu t  t h a t  s e d i -  

ment was l e a v i n g  t h e  b e a c h l i n e  b e f o r e  i t  could  accumulate  a g a i n s t  t h e  

j e t t y  by moving a long  t h e  w e i r  and oceanward a long  t h e  upcoas t  s i d e  of 

t h e  j e t t y .  P l a t e  73 shows t h e  accumula t ions  oceanward of t h e  we i r .  

P l a t e  73  a l s o  shows t h a t  t h e  major accumulat ion of sediment t r a n s p o r t e d  

over  t h e  weir  o c c u r s  i n  t h e  oceanward p o r t i o n  of t h e  d e p o s i t i o n  b a s i n .  

The lobe  of sediment ex tend ing  oceanward d i r e c t l y  o f f s h o r e  of t h e  we i r  

s e c t i o n ,  a s  seen  i n  P l a t e  73, was observed t o  be c r e a t e d  p r i m a r i l y  by 

wave energy r e f l e c t e d  o f f  t h e  w e i r  s e c t i o n .  M a t e r i a l  t h a t  moved i n t o  

t h e  r e g i o n  of t h e  bend of t h e  j e t t y  was c a r r i e d  t h e r e  by t h e  l i t t o r a l  

c u r r e n t  a long  t h e  j e t t y .  The t o t a l  amount of m a t e r i a l  i n  t h i s  r e g i o n  
3  3 was 1.708 f t  and t h e  t o t a l  amount deposited i n  the  b a s i n  was 7.736 f t  . 

There fore ,  18 p e r c e n t  of t h e  t o t a l  amount of sediment moving t o  t h e  we i r  

r e g i o n  bypassed t h e  weir  s e c t i o n  f o r  t h i s  no- t ide  t e s t .  The downcoast 

wave removed t h e  s m a l l  f i l l e t  p l u s  an  a d d i t i o n a l  q u a n t i t y  of s h o r e l i n e  

as seen  i n  P l a t e  74. 

T e s t  15 (Plan 3) 

81. The p rev ious  t e s t  was r e p e a t e d  w i t h  t i d a l  c o n d i t i o n s  similar 

t o  t e s t  13 and P l a t e s  75-79 show t h e  r e s u l t s .  The f i l l e t  f o r  t h i s  t e s t  
2  

( P l a t e  75) was somewhat s i m i l a r  i n  shape and twice  as l a r g e  (2.08 f t  ) 



a s  t h a t  f o r  t h e  no- t ide  c o n d i t i o n  ( t e s t  1 4 ) ,  bu t  i t  was smal l  i n  magni- 

tude with r e s p e c t  t o  t h e  s m a l l e r  wave c o n d i t i o n s  f o r  Plan 3. The t o t a l  
3  amount rece ived  by t h e  d e p o s i t i o n  b a s i n  (3.707 f t  ) was j u s t  over  

one-half t h a t  cap tu red  by t h e  b a s i n  f o r  t h e  no- t ide  t e s t  14 ( s e e  

Table 3 ) .  There a l s o  was an  i n c r e a s e  of sediment bypass ing t h e  we i r .  

Of t h e  t o t a l  amount reach ing  t h e  w e i r ,  26 p e r c e n t  bypassed t h e  we i r  a s  

cornpared wi th  18 p e r c e n t  f o r  t h e  no- t ide  c o n d i t i o n .  Also i t  was no ted  

dur ing  t h e  t e s t i n g  t h a t  wi th  t h e  a d d i t i o n  of t i d a l  c u r r e n t s ,  t h e  

d i s t r i b u t i o n  of sediment e n t e r i n g  t h e  d e p o s i t i o n  b a s i n  was a long  t h e  

e n t i r e  l eng th  of weir .  With t h e  no- t ide  c o n d i t i o n  and t h e  10.0-ft wave, 

sediment passed over  t h e  oceanward p o r t i o n  of t h e  weir .  The downcoast 

wave removed t h e  smal l  f i l l e t  ( P l a t e  77).  T e s t  15 was extended by 

running a  10- f t  wave f o r  7  h r  w i t h  no t i d e .  No feed ing  of t h e  beach was 

performed due t o  t h e  bu i ldup  oE t h e  upcoast  beach d u r i n g  t e s t i n g  w i t h  

t h e  t i d e  ( s e e  P l a t e  75 and compare s h o r e l i n e  w i t h  P l a t e  71 f o r  a  no- t ide  

c o n d i t i o n ) .  P l a t e  78 shows t h e  model a f t e r  t h e  7 a d d i t i o n a l  hours .  No 

dredg ing  of t h e  b a s i n  was performed a s  i t  f i l l e d .  I n t e r e s t i n g  t o  n o t e  

was t h e  fo rmat ion  of a bar  s e p a r a t i n g  t h e  b a s i n  and t h e  n a v i g a t i o n  chan- 
3  

n e l .  The t o t a l  volume i n  t h e  b a s i n  was 7.703 f t  . The t o t a l  amount of 
3 sediment oceanward of t h e  weir and a long  t h e  upcoast  j e t t y  was 5.454 f t  . 

There fore ,  f o r  t h i s  high-energy c o n d i t i o n  and h igh  feed r a t e  (due t o  

upcoast  beach s t o r a g e ) ,  4 1  p e r c e n t  of t h e  sediment moving i n t o  t h e  w e i r  

r e g i o n  moved o f f s h o r e  and 59 p e r c e n t  moved i n t o  t h e  b a s i n .  Also,  move- 

ment of sediment i n t o  t h e  channe l  can be s e e n  i n  t h e  top  of P l a t e  78. 

P l a t e  79 shows t h e  c o a l  sediment w i t h  wa te r  d r a i n e d  from t h e  model. 

Undulat ions  i n  t h e  sediment bed due t o  t h e  r e f l e c t e d  wave f i e l d  can be 

seen .  The t e s t  was cont inued f o r  7  more h o u r s  ( t e s t  c o n d i t i o n s  s i m i l a r  

t o  p rev ious  7  h r )  wi th  t h e  upcoast  beach t h e  s o l e  p r o v i d e r  of sediment .  

S ince  t h e  beach had been eroded s i g n i f i c a n t l y ,  t r a n s p o r t  was reduced and 
3  t h e  b a s i n  c a p t u r e d  4.21 1  f t 3  w i t h  0.960 f  t moving o f f s h o r e  i n  f r o n t  of 

t h e  weir .  Thus 19 p e r c e n t  of t h e  t o t a l  m a t e r i a l  moving toward t h e  w e i r  

moved o f f s h o r e .  

T e s t  16 (P lan  3A) 

82.  A g r o i n  was p laced  upcoas t  of t h e  we i r  a s  shown i n  F i g u r e  14. 



The g r o i n ,  w i t h  c r e s t  uniformly s e t  t o  +7.0 f t  m s l ,  extended o u t  t o  

t h e  same dep th  as t h e  shoreward end of t h e  w e i r .  The purpose of t h i s  

t e s t  was t o  examine sediment movement around a n  a u x i l i a r y  s t r u c t u r e  i n -  

tended t o  a i d  i n  maximizing f i l l e t  s t o r a g e .  One q u e s t i o n  t o  be answered 

would be whether sediment from upcoas t  might be d e f l e c t e d  o f f s h o r e  away 

from t h e  weir ;  t h u s  c o n d i t i o n s  of impermeabi l i ty  and h i g h  c r e s t  e l e v a t i o n  

were s e l e c t e d  t o  maximize t h i s  p o s s i b i l i t y .  P l a t e s  80-83 show t e s t  

r e s u l t s .  P l a t e  81 i s  a f t e r  7  h r ,  t h e  u s u a l  t e s t  i n t e r v a l ,  and P l a t e  82 

i s  a f t e r  8  h r  of t h e  t e s t .  The 1-hr e x t e n s i o n  of t h e  t e s t  was n e c e s s a r y  

due t o  t h e  longer  d u r a t i o n  r e q u i r e d  t o  s t a b i l i z e  a  uniform rate of 

t r a n s p o r t  i n t o  t h e  b a s i n  s i n c e  t h e  r e g i o n  between t h e  g r o i n  and w e i r  w a s  

i n i t i a l l y  empty of sediment.  The t e s t  was s topped b e f o r e  an  e q u i l i b r i u m  

r a t e  was reached.  The longshore  sediment movement was n o t  s i g n i f i c a n t l y  

d e f l e c t e d  o f f s h o r e  by t h e  g r o i n  bu t  bypassed t h e  g r o i n  once a  F i l l e t  had 

b u i l t  up. The b e a c h l i n e  i n  t h e  compartment between t h e  g r o i n  and t h e  

w e i r  t hen  g r a d u a l l y  a c c r e t e d  up t o  t h e  shoreward end of t h e  weir .  The 

downcoast wave t h e n  s h i f t e d  t h e  f i l l e t  i n  t h e  compartment a g a i n s t  t h e  

g r o i n  ( P l a t e  83) .  The i n i t i a l  accumulated f i l l e t  s t o r a g e  upcoast  of t h e  
2  

g r o i n  was 18.25 f t  . Because oE i ts  l o c a t i o n  s i g n i f i c a n t l y  f a r t h e r  

upbeach t h a n  p rev ious  f i l l e t s ,  p a r t  of t h e  f i l l e t  was o u t s i d e  t h e  i n -  

f l u e n c e  of t h e  s h o r e l i n e  covered by t h e  downcoast wave. There fore  t h e  

e r o s i o n  of t h e  t o t a l  f i l l e t  was e x t r a p o l a t e d  from t h a t  p a r t  where t h e  

f i l l e t  was eroded by t h e  downcoast wave, and i t  t h u s  was determined t h a t  

79 p e r c e n t  of t h e  f i l l e t  was eroded d u r i n g  t h e  1-hr d u r a t i o n  of downcoast 

wave ( s e e  Table  3 ) .  The e f f e c t  of t h e  i n c r e a s e  i n  beach s t o r a g e  f o r  

t h i s  c o n f i g u r a t i o n  and a l s o  t h e  i n i t i a l l y  empty compartment between t h e  

g r o i n  and t h e  we i r  i s  r e f l e c t e d  i n  t h e  t o t a l  b a s i n  accumulat ion of 
3  1.139 f t  . 

T e s t  17 (Plan 3B) 

83. Th is  p l a n  involved p l a c i n g  a  g r o i n  a d j a c e n t  t o  t h e  upcoas t  

s i d e  of t h e  w e i r .  The g r o i n  of t h e  p r e v i o u s  test could  no t  be s h i f t e d  

l a t e r a l l y  downcoast s i n c e  t h i s  would p l a c e  t h e  g r o i n  t i p  i n  r e l a t i v e l y  

deep wate r  and probably  would n o t  be c o n s i d e r e d  a  f e a s i b l e  p lan.  There- 

f o r e  t h e  w e i r  was s h i f t e d  a l o n g  t h e  l i n e  0 . E  i t s  30-deg t r u n k  u n t i l  i t  



i n t e r s e c t e d  t h e  s h o r e l i n e .  The g r o i n  then  was c o n s t r u c t e d  p e r p e n d i c u l a r  

t o  s h o r e  from t h i s  p o i n t  un t i .1  i t  extended t o  t h e  con tour  a t  which t h e  

we i r  s e c t i o n  was i n i t i a t e d  i n  p r e v i o u s  t e s t i n g .  This  is  p o s s i b l y  a  

b e t t e r  l o c a t i o n  f o r  a  we i r  s i n c e  i t  i s  s h i f t e d  f a r t h e r  away from t h e  

n a v i g a t i o n  channel  which would a i d  i n  reduc ing  any tendency f o r  ebb 

flows t o  migra te  i n t o  t h e  d e p o s i t i o n  b a s i n  and e x i t  over  t h e  weir .  

P l a t e  84 shows t h e  beach planforms a f t e r  t h e  5 - f t  10-sec upcoast  and 

downcoast waves. P l a t e  85  shows t h e  beach a t  t h e  s t a r t  of t h e  t e s t ,  

P l a t e  86 a f t e r  8  h r  of upcoas t  waves, and P l a t e  87 a f t e r  1  h r  of down- 
2  

c o a s t  waves. The s u r f a c e  a r e a  of t h e  f i l l e t  was 28.20 f t  a f t e r  t h e  

upcoas t  wave and was reduced 90 p e r c e n t  by t h e  downcoast wave (wi th  an 

e x t r a p o l a t i o n  of t h e  eroded a r e a  due t o  l i m i t e d  beach coverage by t h e  

downcoast wave a s  d i s c u s s e d  f o r  t h e  p rev ious  t e s t ) .  It w a s  noted t h a t  

sediment d i d  n o t  bypass  t h e  weir  s e c t i o n  hu t  s t a r t e d  a c c r e t i n g  a t  t h e  

shoreward edge of t h e  we i r  ( P l a t e  86) and accumulated i n  t h e  shoreward 

p o r t i o n  of the  b a s i n  ( i n  t h e  c o r n e r  a d j a c e n t  t o  t h e  j e t t y ) .  Dredging of 

t h e  b a s i n  was s topped a t  hour  4 of t h e  t e s t  i n  o r d e r  t o  l e t  t h e  b a s i n  

f i l l  and t o  n o t e  any tendency f o r  sediment accumulat ion t o  c u t  o f f  i n  

f r o n t  of t h e  we i r .  The accumuLation i n  t h e  b a s i n  seen  i n  P l a t e  86 i s  

t h e  major p o r t i o n  of t h e  t r a n s p o r t  i n t o  t h e  b a s i n  s i n c e  2.051 f t 3  of t h e  
3 

t o t a l  t r a n s p o r t  (2.264 f t  ) occur red  between hours  4  and 8  of t h e  t e s t .  

Observa t ions  d u r i n g  t h e  t e s t  i n d i c a t e d  t h a t  waves r e f l e c t e d  o f f  t h e  we i r  

seemed to  a i d  i n  keeping t r a n s p o r t  over  t h e  we i r  toward t h a t  p o r t i o n  of 

weir  a d j a c e n t  t o  t h e  g r o i n .  A s t r o n g  c u r r e n t  movement i n t o  t h e  b a s i n  

was noted (even though no t i d e  was reproduced) which would f u r t h e r  

augment sediment t r a n s p o r t  over  t h e  we i r .  

84. Tes t  17 was extended t o  de te rmine  s h o r e l i n e  response f o r  a  

1 0 - f t ,  10-sec wave. F i r s t ,  t h e  Fi l let  was reformed by running t h e  5 - f t ,  

10-sec upcoast  wave f o r  4  h r  ( s e e  P l a t e  88 and compare w i t h  P l a t e  86) 

and t h e  b a s i n  was allowed t o  fi1.l.  At t h i s  p o i n t ,  t h e  1 0 - f t ,  10-sec 

wave was run f o r  7  h r  and P l a t e s  89 and 90 show t h e  r e s u l t s .  The r e g i o n  

a t  t h e  weir  c r e s t  g r a d u a l l y  f  i lLed from t h e  shoreward end of t h e  weir t o  

t h e  oceanward p o r t i o n  a s  t h e  t e s t  p rogressed  and t h e  b a s i n  f i l l e d .  

There was no tendency t o  form a b a r  from t h e  g r o i n  t i p  which might have 



c u t  o f f  t h e  weir .  The b a s i n  con ta ined  5.642 f t 3  a t  t h i s  t ime and 
3  3.077 f t  bypassed t h e  w e i r ,  accumulat ing a long  t h e  upcoas t  s i d e  of t h e  

o u t e r  j e t t y  t runk .  P l a t e  91 shows t h e  model bed a f t e r  t h e  ocean was 

d r a i n e d .  The 10-ft  wave once a g a i n  moved s i g n i f i c a n t  amounts of sediment  

o f f s h o r e  wi th  35 p e r c e n t  moving o f f s h o r e  and 65 p e r c e n t  movirlg i n t o  t h e  

b a s i n .  These f i g u r e s  show l e s s  o f f s h o r e  movement than t h e  b a s i c  Plan 3 

c o n f i g u r a t i o n ,  perhaps  i n d i c a t i v e  of reduc ing  o f f s h o r e  t r a n s p o r t  nea r  

t h e  j e t t y  by r e d u c t i o n  i n  wave r e f l e c t i o n  e f f e c t s  on t h e  upcoast  r eg ion .  

Tes t  18 (Plan 3C) 

85. Plan 3 C  c a l l e d  f o r  an  examinat ion of a  45-deg wei r  ( s e e  Fig- 

u r e  14) .  The o u t e r  t r u n k  of t h e  upcoas t  j e t t y  remained t h e  same as i n  

p r e v i o u s  Plan 3 t e s t i n g .  P l a t e  92 shows t h e  r e s u l t i n g  beach p-lanform 

f o r  t h e  5 - f t ,  10-sec upcoast  and downcoast wave c o n d i t i o n s .  Wave r e f l c c -  

t i o n s  o f f  bo th  t h e  o u t e r  and i n n e r  p o r t i o n s  of t h e  upcoas t  j e t t y  appeared 

t o  minimize t h e  f i l l e t  s i z e  s e e n  i n  P l a t e  93. The b a s i n  was p e r m i t t e d  

t.o accumulate  t r a c e r  throughout  t h e  t e s t .  The f i l l e t  s i z e  was 7.60 f t  
2 

(Table  3) and was eroded 91 p e r c e n t  by t h e  downcoast wave ( P l a t e  94) .  

There was s i g n i f i c a n t  o f f s h o r e  movement d u r i n g  t h e  upcoas t  wave, bu t  no 

m a t e r i a l  moved p a s t  t h e  w e i r  f o r  t h i s  5-Et wave. 

86. The f i l l e t  was r e b u i l t  by running 2  a d d i t i o n a l  hours  of 5 - f t  

upcoast  waves. Subsequent ly  t h e  wave h e i g h t  was i n c r e a s e d  t o  10 E t  and 

r u n  f o r  2  h r ;  P l a t e s  95 and 96 show t h e  r e s u l t s .  The f i l l e t  was reduced 

and an  e r o s i o n a l  a r e a  occur red  a long  t h e  upcoas t  s h o r e l i n e  where t h e  

waves r e f l e c t e d  o f f  t h e  we i r  provided i n c r e a s e d  energy.  P l a t e  96 shows 

c o n s i d e r a b l e  movement of sediment a l o n g  t h e  j e t t y .  Dur ing  t h e  2-hr t e s t  

p e r i o d  2.696 f t 3  e n t e r e d  t h e  b a s i n  and 2.373 cu f t  bypassed t h e  we i r .  

There fore ,  t h e  b a s i n  c a p t u r e d  5 3  p e r c e n t  of t h e  l i t t o r a l  d r i f t  w i t h  

47  p e r c e n t  bypass ing.  

T e s t  19 (Plan 3D) 

87. Plan 3D was a m o d i f i c a t i o n  of P lan  3C and c o n s i s t e d  of 

p l a c i n g  a  g r o i n  downcoast of t h e  we i r  t o  de te rmine  i t s  e f f e c t  on m a t e r i a l  

bypass ing  t h e  we i r  (noted t o  be q u i t e  s e v e r e  f o r  t h e  10-f t  wave t e s t  of 

Plan 3C). I n i t i a l  t e s t  c o n d i t i o n s  c o n s i s t e d  of having a f i l l e t  formed 

upcoas t  of t h e  w e i r  by a 5 - f t  wave. The 1 0 - f t ,  10-sec upcoas t  wave then 



was run f o r  3 h r .  P l a t e  97 shows t h e  plauform and P l a t e s  98 and 99 show 

t h e  model. There was s t i l l  movement p a s t  t h e  g r o i n  toward t h e  j e t t y  
3 3 t i p .  During t h e  t e s t  2 , 3 2 3  f  t  d c r o s i t e d  i n  t h e  b a s i n ;  0.432 f t  de- 

p o s i t e d  i n  f r o n t  of t h e  weir  and 0.678 f t 3  bypassed the  g r o i n  and s e t t l e d  

a long  t h e  ocean s i d e  of t h e  j e t t y  t r u n k .  Thus, 71 p e r c e n t  of t h e  

sediment reached t h e  d e p o s i t i o n  b a s i n ,  a n  18 p e r c e n t  i n c r e a s e  from t h e  

p rev ious  t e s t .  

Comments on T e s t  Condi t ions  and E f f e c t s  on T e s t  R e s u l t s  

88. The r e l a t i v e l y  deeper  wa te r  a l o n g  t h e  j e t t i e s  i n  t h e  model 

may have reduced wave e f f e c t s  which g e n e r a t e  longshose  c u r r e n t s  a l o n g  

t h e  j e t t i e s .  I n  many smal-ler i n l e t s ,  d e p t h s  a t  t h e  oceanward end of  t h e  

j e t t i e s  might be ahou t  10 f t  compared w i t h  t h e  s c a l e d  dep th  of --!4 f t  a t  

t h e  end of t h e  j e t t i e s  i n  t h e  model.. T h e r e f o r e ,  one migllt expec t  

s t r o n g e r  c u r r e n t  a c t i o n  f o r  more t y p i c a l  i n l e t  h a t h y m e t r i e s  which might 

t r a n s p o r t  more sediment  t o  the  channel. than  was observed i n  t h i s  s t u d y .  

89. The c u r v a t u r e  oE c o n t o u r s  g e n e r a l l y  p a r a l l e l i n g  t h e  o u t e r  

ends  of j e t t i e s  r a t h e r  than  t h e  uiodel c o n t o u r s  which para1 Leled t h e  

s h o r e l i n e  might a l s o  augment wave e f f e c t s  r e l a t i v e  t o  t h a t  observed i n  

t h e  model by t h e  c o n c e n t r a t i o n  of wave o r t h o g o n a l s  i n  t h e  v i c i n i t y  of  

t h e  j e t t i e s .  

90. A d e s i g n  concept  used i n  t h i s  s t u d y  of s t a r t i n g  t h e  w e i r  

s e c t i o n  a t  a  d e p t h  o f  10 f t  s o  as t o  c r e a t e  a  Large s t o r a g e  f i l l e t  w i l l  

p robab ly  n o t  be f e a s i b l e  i n  many p r o j e c t s  due t o  t h e  sha l low d e p t h s  and 

b a r s  i n  t h e  r e g i o n  of a  n a t u r a l  i n l e t .  The P lan  3B system probab ly  

would r e p r e s e n t  a  f u n c t i o n a l  w e i r  j e t t y  sys tem i f  d e p t h s  a r e  sha l low.  

91. For t h e  t y p e  of j e t t i e s  i n v e s t i g a t e d  h e r e i n  ( i . e . ,  j e t t i e s  

w i t h  t h e  w e i r  o f f s e t  oceanward i n  o r d e r  t o  p rov ide  a n  impermeable por-  

t i o n  between t h e  s h o r e  and t h e  weir  which i n  t u r n  pe rmi t s  a  s t o r a g e  

f i l l e t  t o  be c r e a t e d  upcoas t  of t h e  w e i r )  i t  h a s  been s e e n  t h a t  t h e r e  i s  

a  s t r o n g  p r o b a b i l i t y  t h a t  n o t  a 1 1  d o w n d r i f t  t r a n s p o r t  w i l l  move o v e r  t h e  

w e i r ,  b u t  some w i l l  move o f f s h o r e  i n  t h e  upcoas t  v i c i n i t y  of t h e  j e t t y .  

A s  wave c o n d i t i o n s  a r e  i n c r e a s e d ,  more of t h i s  sediment  can be c a r r i e d  



o f f s h o r e .  The combination of t h e  d e f l e c t e d  longshore  c u r r e n t  and t h e  

i n t e r a c t i o n  between i n c i d e n t  and r e f l e c t e d  waves c o n t r i b u t e s  t o  o f f s h o r e  

sediment t r a n s p o r t .  Most l i k e l y ,  t h e  more i r r e g u l a r  t h e  wave f i e l d  t h e  

l e s s  o f f s h o r e  t r a n s p o r t  w i l l  occur  s i n c e  t h e  o f f s h o r e  c i r c u l a t i o n  c e l l s  

would be more d i f f u s e  and n o t  a s  c o n c e n t r a t e d  as t h o s e  i n  a  monochromatic 

wave f i e l d .  However, extreme wave c o n d i t i o n s  p robab ly  would c a r r y  sub- 

s t a n t i a l  q u a n t i t i e s  of sediment o f f s h o r e  due t o  t h e  extreme t u r b u l e n c e  

n e a r  t h e  j e t t y  caused by i n c i d e n t  waves, r e f l e c t e d  waves, and l o n g s h o r e  

c u r r e n t s .  

92. A s  shown i n  a  number of test photos  t h e r e  was an o f f s h o r e -  

onshore component of sediment movement. I n  t h e  two-dimensional t e s t s  

( s e e  Appendix A), onshore-offshore  movement was r e l a t i v e l y  s t r a i g h t -  

forward i n  t h a t  c r i t e r i a  such a s  t h a t  o f  Dean (1973) can be a p p l i e d  t o  

de te rmine  whether movement i s  ofEshore  o r  onshore .  I n  t h e  th ree -  

d imensional  model, o t h e r  f a c t o r s  i n f l u e n c e d  onshore-offshore  motion. I n  

t h e  r e g i o n  of t h e  j e t t y , l i t t o r a l  c u r r e n t s  were being d e f l e c t e d  o f f s h o r e  

which could  c a r r y  m a t e r i a l  o f f s h o r e ,  and t h e r e  was i n c i d e n t  wave- 

r e f l e c t e d  wave i n t e r a c t i o n  which i n f l u e n c e d  onshore-offshore  movement. 

Also,  f u r t h e r  upcoas t  o u t s i d e  t h e  i n f l u e n c e  of t h e  j e t t y - c r e a t e d  e f f e c t s  

of onshore-offshore  movement, t h e r e  appeared t o  be onshore-offshore  

e f f e c t s  caused by t h e  c o n d i t i o n  of t h e  b e a c h l i n e .  For example, i t  was 

noted d u r i n g  t e s t i n g  w i t h  c o a l  i n  t e s t  15,  t h a t  d u r i n g  t h e  f i r s t  p o r t i o n  

of t h e  t e s t ,  when f e e d i n g  t h e  beach a t  r e g u l a r  i n t e r v a l s ,  t h e r e  was some 

movement i n  a n  o f f s h o r e  d i r e c t i o n  from t h e  beach. I n  a  l a t e r  phase of 

t h e  t e s t i n g ,  when f e e d i n g  was s topped and t h e  beach was g r a d u a l l y  r e -  

ced ing ,  t h e  o f f s h o r e  d e p o s i t s  moved onshore  and downcoast. A l l  t e s t s  

were f o r  a l a r g e  upcoas t  wave a n g l e  (40 deg) .  

93. R e f l e c t e d  energy would be  less f o r  rubb le  w e i r s  b u t  s t i l l  

could  be s i g n i f i c a n t  based on p r o t o t y p e  r e f l e c t i o n  c o e f f i c i e n t s  of 

Thornton and Calhoun (1972).  It was no ted  i n  t h i s  s t u d y  t h a t  i f  the 

o u t e r  l e g  of t h e  j e t t y  was i n c l i n e d  t o  t h e  s h o r e  a t  some angLe (60 deg 

f o r  P lans  1 and 2 ) ,  t h e r e  was s i g n i f i c a n t  r e f l e c t e d  energy i~npingirig 

on t h e  s h o r e l i n e .  The model r e f l e c t i o n  c o e f f i c i e n t  of 0 ,3  is comparable 

t o  t h a t  of p r o t o t y p e  s t r u c t u r e s .  For s t r u c t ~ l r e s  w i t 1 1  o u t e r  l e g s  



p e r p e n d i c u l a r  t o  s h o r e  ( P l a n  3 ) ,  t h e  r e f l e c t i o n  would n o t  extend v e r y  

f a r  upcoas t  f o r  t h e  predominant a n g l e s  of wave approach o r  would n o t  

e x i s t  a t  a l l  due t o  t h e  Mach-stem e f f e c t .  It is  a l s o  no ted  t h a t  t h e  

we i r  probably  was n o t  a c t i n g  a s  a  f u l l  r e f l e c t i n g  s u r f a c e  f o r  most of 

t h e  t e s t i n g ,  s i n c e  t h e  w a t e r  l e v e l  was h i g h e r  t h a n  t h e  w e i r  and some 

wave energy was t r a n s m i t t e d  i n t o  t h e  b a s i n .  

D i s c u s s i o n  of Beach R e s ~ o n s e  T e s t s  

94. The f i r s t  i m p o r t a n t  p o i n t  no ted  throughout  t h e  t e s t i n g  was 

t h e  o f f s h o r e  movement of m a t e r i a l  n e a r  t h e  w e i r  j e t t y  system. It 

a p p e a r s  t h a t  one cannot  expec t  a l l  t h e  sediment  moving downcoast t o  

d e p o s i t  i n  e i t h e r  t h e  b a s i n  o r  t h e  f i l l e t ,  b u t  some p a r t  w i l l  move 

o f f s h o r e  (most l i k e l y  a g r e a t e r  p e r c e n t a g e  f o r  l a r g e r  wave c o n d i t i o n s ) .  

T h i s  type  of o f f s h o r e  movement d i f f e r s  from t h a t  a l o n g  a uniform c o a s t -  

l i n e  i n  which a  beach p r o f i l e  is a d j u s t i n g  t o  v a r i o u s  wave c o n d i t i o n s .  

The o f f s h o r e  movement d i s c u s s e d  h e r e  i s  r e l a t e d  t o  t h e  p resence  of a  

j e t t y ,  and t h e  o f f s h o r e  movement o c c u r s  due t o  a n  oceanward d e f l e c t i o n  of 

t h e  wave-generated longshore  c u r r e n t  by t h e  j e t t y  sys tem even w i t h  t h e  

p resence  of a  we i r  (which might be c o n c e p t u a l l y  expected t o  e n t i r e l y  

c a p t u r e  t h i s  c u r r e n t ) .  Also ,  t h e  i n t e r a c t i o n  of t h e  longshore  c u r r e n t  

w i t h  t h e  s h o r t - c r e s t e d  wave f ieLd,  c r e a t e d  by i n c i d e n t  waves and waves 

r e E l e c t e d  o f f  t h e  upcoas t  j e t t y ,  i s  impor tan t  i n  c r e a t i n g  c i r c u l a t i o n  

c e l l s  which can  remove sediment  From t h e  beach a s  s e e n  i n  p reced ing  

d i s c u s s  ions .  

95. D i s t i n g u i s h i n g  d i f f e r e n c e s  can be s e e n  among t h e  p l a n s  due t o  

r e f l e c t e d  wave phenomena because  of t h e  v a r i o u s  j e t t y  o r i e n t a t i o n s .  The 

e x t e n t  t h a t  t h e s e  d i f f e r e n c e s  among s t r u c t u r a l  c o n f i g u r a t i o n s  can be 

e x t r a p o l a t e d  from model t o  p r o t o t y p e  c o n d i t i o n s  is a  d i f f i c u l t  q u e s t i o n .  

The model p r o v i d e s  a  r e l a t i v e l y  uniform environment of monochromatic 

waves and smooth s l o p e s  i n  c o n t r a s t  t o  t h e  b roader  spect rum of waves and 

v a r y i n g  bathymetr-y of t h e  p ro  to  type.  However p r o t o t y p e  c o n d i t i o n s  

s i m i l a r  t o  t h e  model can  occur  p a r t  o f  t h e  t ime  a s  evidenced by t h e  

r e t l e c t e d  wave p a t t e r n  s e e n  i n  F i g u r e  2 2  of Masonboro I n l e t .  



96. Whether t h e  model t r a c e r  m a t e r i a l  c o r r e c t l y  s i m u l a t e s  t h e  

movement of sand is a n o t h e r  problem of concern .  It a p p e a r s  e v i d e n t  t h a t  

t h e  c o a l  t r a c e r  responds  t o  a l l  t h e  e x i s t i n g  forces--1ongshore c u r r e n t s ,  

s h o r t - c r e s t e d  wave c i r c u l a t i o n  c u r r e n t s ,  r e f l e c t e d  wave energy ,  and 

t i d a l  c u r r e n t s .  S ince  t h e s e  f o r c e s  dominate i n  t h e  r e g i o n  of t h e  j e t t y  

sys tem,  t h e  c o a l  i s  most Likely  responding a s  a  t r a c e r  i n  a n  e x c e l l e n t  

manner; i . e . ,  t h e  c o a l  i s  moving i n  d i r e c t i o n s  i n  which p r o t o t y p e  mate r i -  

a l s  would move. Also ,  i t  a p p e a r s  t h a t  t h e  c o a l ,  which h a s  a tendency t o  

p r o v i d e  a n  a c c r e t i o n a r y  beach i n  two-dimensional t e s t i n e ,  would p robab ly  

respond w e l l  t o  a n  a c c r e t i o n a r y  beach s i t u a t i o n  such a s  t h e  c r e a t i o n  o f  

a  f i l L e t  upcoas t  of t h e  j e t t y .  Perhaps t h e n ,  t h e  a c c r e t i o n a r y  planforms 

cou ld  be cons ide red  r e p r e s e n t a t i v e  of a  p r o t o t y p e  s i t u a t i o n .  S i t u a t i o n s  

where e r o s i o n  dominates  a l o n g  t h e  s h o r e l i n e  a r e  more d i f f i c u l t  t o  eva lu -  

a t e ,  e s p e c i a l l y  due t o  t h e  n a t u r e  of t e s t i n g  i n  which t h e  beach i s  

p l a c e d  on a  c o n c r e t e  bed. Eros ion  can occur  t o  j u s t  t h e  l i m i t  of t h e  

c o a l  beach depth .  Perhaps i n  n a t u r e  e r o s i o n  would c o n t i n u e  t o  g r e a t e r  

d e p t h s  which i n  t u r n  would a f f e c t  e r o s i o n  of t h e  beach planform. Also ,  

o f f s h o r e  b a r s  would form i n  n a t u r e  which would p r o t e c t  t h e  beach some- 

what from f u r t h e r  e r o s i o n ,  bu t  t h e s e  b a r s  do n o t  a lways  form on t h e  

u n d e r l y i n g  c o n c r e t e  model bed. It a p p e a r s  t h a t  t h e  b e s t  approach t o  

t a k e  w i t h  t h e  beach planform d a t a  i s  t o  make r e l a t i v e  comparisons among 

t h e  p l a n s .  

97.  It h a s  been sugges ted  t h a t  t h e  o p t i m a l  w e i r  j e t t y  sys tem 

shou ld  n o t  c a p t u r e  t h e  e n t i r e  amount of longshore  d r i f t  approaching t h e  

w e i r  bu t  t h a t  i t  shou ld  o n l y  c a p t u r e  t h e  n e t  d r i f t .  Th i s  would pe rmi t  

t h e  wave energy from t h e  downcoast d i r e c t i o n  t o  remove some sediment  

which had been s t o r e d  i n  t h e  upcoas t  f i l l e t  by t h e  upcoas t  wave energy.  

Thus, i n  e v a l u a t i n g  t h e  beach planform t e s t s ,  one c r i t e r i o n  f o r  cornpari- 

son  would be r e l a t i v e  amounts of u p c o a s t  s t o r a g e  of  t h e  s t a b i l i z e d  

f i l l e t  and t h e  amount of removal of t h e  f i l l e t  by t h e  downcoast wave. 

I t  should  be recogn ized  t h a t  test c o n d i t i o n s  were l i m i t e d ,  w i t h  o n l y  one 

upcoas t  and one downcoast wave c o n d i t i o n .  

98. Table 3 shows t h e  n e c e s s a r y  d a t a  t o  make a comparison i n  

f i l l e t  s i z e  ( i n  terms of s u r f a c e  a r e a )  accumulated d u r i n g  upcoas t  wave 



c o n d i t i o n s  and the. amount eroded d u r i n g  downcoast waves. T e s t s  10 ,  11, 

12 ,  and 1 8  should be compared a s  f a r  a s  t h e  b a s i c  we i r  o r i e n t a t i o n s  a r e  

concerned.  The P l a n  1 j e t t y  w i t h  a  90-deg w e i r  h a s  t h e  l a r g e s t  f i l l e t  

( t e s t  l o ) ,  fo l lowed by t h e  60-deg w e i r  ( t e s t  l l ) ,  t h e  45-deg wei r  

( t e s t  1 8 ) ,  and t h e  30-deg w e i r  ( t e s t  1 2 ) .  F i l l e t  s i z e  i s  t h u s  reduced a s  

we i r  a n g l e  d e c r e a s e s .  F igure  39 shows a  p l o t  of t h e s e  f i l l e t s  and i t  

UPCOAST ---9 
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- PLAN 1 (90' WEIR - TEST 10) r SCALE - 

-- PLAN 2 (60' WEIR - TEST 11) HIGH-WATER PROTOTYPE 0 100 200 300 400 500 600 F T  

0 0 0 0 0  PLAN 3 (30' WEIR - TEST 12) MODEL 0 1 2 3 4 5 6 F T  

A  A A  A  A  PLAN 3A (45" WElR - TEST 18) Is - PII 

Figure  39. F i l l e t  development f o r  5 - f t ,  10-sec 40-deg upcoas t  wave 

can be s e e n  t h a t  they a r e  f a i r l y  s i m i l a r ,  w i t h  s m a l l  undu la t ions  occur-  

r i n g  a t  d i f f e r e n t  l o c a t i o n s  f o r  each s e p a r a t e  c o n d i t i o n .  These p l o t s  

were made us ing  t h e  shoreward end of t h e  we i r  a s  a r e f e r e n c e  p o i n t .  A s  

t h e  we i r  a n g l e  d e c r e a s e s ,  more s u r f a c e  a r e a  of t h e  f i l l e t  i s  removed 

r e l a t i v e  t o  t h e  l a r g e r  a n g l e s ,  account ing  f o r  most of t h e  r e d u c t i o n  i n  

f i l l e t  s u r f a c e  a r e a  a s  weir  a n g l e  d e c r e a s e s .  Examining t h e  f i l l e t s  

upcoas t  of t h e  r e g i o n  where we i r  a n g l e  a f f e c t s  s t o r a g e ,  i t  appears  t h a t  

t h e  45-deg weir  h a s  t h e  s m a l l e s t  s u r f a c e  a r e a  i n  t h e  midsec t ion  of t h e  

f i l l e t s ,  probably  due t o  the  f o c u s s i n g  of r e f l e c t e d  wave energy j u s t  up- 

c o a s t  of t h i s  r e g i o n  which a i d e d  i n  removal of sediment from t h e  shore-  

l i n e .  Also from F i g u r e  39,  i t  i s  s e e n  t h a t  t h e  f i l l e t  approached 

c l o s e s t  t o  t h e  we i r  f o r  t h e  90-deg o r i e n t a t i o n ,  followed by t h e  60-, 

30-, and 45-deg o r i e n t a t i o n s ,  r e s p e c t i v e l y .  Ref lec ted  wave energy i n t o  

t h i s  r e g i o n  appeared t o  c o n t r o l  t h e  l o c a t i o n  of t h e  meeting of t h e  



f i l l e t ' s  s h o r e l i n e  and t h e  j e t t y ,  s i n c e  s m a l l  c i r c u l a t i o n  c e l l s  were 

u s u a l l y  s e t  up a d j a c e n t  t o  t h e  j e t t y .  

99. The downcoast wave removed v a r y i n g  amounts of sediment from 

t h e  f o u r  b a s i c  c o n f i g u r a t i o n s  ( t e s t s  10,  11, 12,  and 18) a s  s e e n  i n  

Table  3. P lans  1, 2,  3 ,  and 3C removed 52,  100, 100, and 91 p e r c e n t  of 

t h e  f i l l e t ,  r e s p e c t i v e l y .  These p e r c e n t a g e s  correspond t o  l o s s e s  of 
2  

6.18, 9.61, 6.25, and 6.95 f t  from each r e s p e c t i v e  f i l l e t .  The o r i e n t a -  

t i o n  w i t h  an  o u t e r  l e g  p e r p e n d i c u l a r  t o  s h o r e  c e r t a i n l y  showed a n  ad- 

van tage  over  t h e  Plan 1 dogleg o r i e n t a t i o n  w i t h  r e s p e c t  t o  removing 

sediment from t h e  f i l l e t  toward t h e  upcoas t  beach. 

100. During t e s t i n g ,  measurements of t h e  volume of sediment 

e n t e r i n g  t h e  b a s i n  were u s u a l l y  made on a n  h o u r l y  b a s i s  f o r  t h e  tests 

w i t h  c o a l  and every  4  h r  when u s i n g  g l a s s  beads.  F i g u r e s  40 and 41 show 

t h e  accumula t ive  d e p o s i t i o n  i n  t h e  b a s i n  v e r s u s  t ime f o r  t e s t s  4-19. 

Discuss ing  on ly  t h e  "basic"  t e s t s  (10,  11, 12,  and 18) a t  t h i s  t ime ,  

F i g u r e  40 shows t h a t  test 10 (90-deg w e i r ) ,  t e s t  18 (45-deg w e i r ) ,  

test  12 (30-deg wei r )  and t e s t  11 (60-deg w e i r )  had d e c r e a s i n g  t o t a l  
2  3  

d e p o s i t i o n  of 2.907 f t 3 ,  2.523 i t  , 2.520 f t 3 ,  and 2.283 f t  , respec-  

t i v e l y .  It should be no ted  t h a t  t h e  f e e d i n g  of sediment was i n c r e a s e d  

over  t h a t  of o t h e r  t e s t s  f o r  t e s t  10 d u r i n g  t h e  l a s t  2  h r ,  which caused 

a n  i n c r e a s e  i n  b a s i n  d e p o s i t i o n  d u r i n g  hour  6  of t h e  t e s t  bu t  t h e n  

r e s u l t e d  i n  a  d e c r e a s e  d u r i n g  hour  7. I f  t h e  curve  of test 10 were 

e x t r a p o l a t e d  from hour 5  t o  hour 7 ,  abou t  t h e  same cumulat ive  t o t a l  i s  

reached ,  s o  t h e  a c c e l e r a t e d  f e e d i n g  d i d  n o t  a f f e c t  t h e  t o t a l  accumula- 

t i o n  a t  hour 7. I f  t h e  t e s t  had run  l o n g e r  t h e r e  may have been s i g n i f i -  

c a n t  changes.  T e s t s  11, 12, and 18, p l u s  t h e  f i r s t  5 h r  of t e s t  10,  a l l  
3  

had a  uniform feed  r a t e  of 0.494 f t  / h r  and a l l  t e s t s  should  prove t o  be 

d i r e c t l y  comparable. Assuming t h a t  a n  a r e a  change of 1  f  t2  of f i l l e t  
3  

r e p r e s e n t s  a volume change of 1 yd3 (27 f t  ) of sediment ( r u l e  of thumb, 

Shore P r o t e c t i o n  Manual (CERC 1977) though n o t  d i r e c t l y  a p p l i c a b l e  t o  

model v a l u e s  b u t  used f o r  t h e  sake  of p r o v i d i n g  r e l a t i v e  compar i sons ) ,  

and adding t h e  f i l l e t  volume and b a s i n  volume, t h e  fo l lowing  volumes a r e  - 

3 
de te rmined ,  ranked by magnitude: P lan  1, 6.147 f t  ; Plan 2 ,  4.860 f t 3 ;  

Plan 3C, 4.575 f t 3 ;  and Plan 3 ,  4.208 f t 3 .  The reason f o r  t h e  d i f f e r e n c e  
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among t h e s e  t o t a l s  is  t h e  i n c r e a s e d  o f f s h o r e  movement a s  t h e  f i l l e t -  

b a s i n  t o t a l  d e c r e a s e s  and a s  t h e  a n g l e  of t h e  weir  d e c r e a s e s .  This is  

e v i d e n t  from t h e  photographs  of F i g u r e s  34 and 36-38 shown p r e v i o u s l y .  

101. F igure  42, t aken  from p r e l i m i n a r y  t e s t i n g  of g l a s s  beads ,  

w i t h  a 10-f t ,  10-sec 30-deg upcoast  wave, g e n e r a l l y  t y p i f i e s  sediment 

movement p a t t e r n s  f o r  t h e  Plan 1  beach response t e s t s .  When a  l a r g e  wave 

was run (10 f t ) ,  t h e r e  were u s u a l l y  two zones of movement over  t h e  weir .  

Seaward, a t  t h e  l o c a t i o n  of t h e  i n i t i a l  b r e a k e r ,  t h e r e  was t r a n s p o r t  of 

suspended sediment o v e r  t h e  we i r  s t r a i g h t  a c r o s s  i n t o  t h e  d e p o s i t i o n  

b a s i n .  Shoreward, t h e r e  was movement of sediment over  t h e  landward edge 

of t h e  we i r .  Th i s  sediment was pushed i n t o  t h e  l e e  of t h e  i n n e r  rubb le -  

mound p o r t i o n  of t h e  j e t t y  toward t h e  s h o r e  by r e f r a c t i n g  waves coming 

over  t h e  weir  and by wave energy  which had e n t e r e d  between t h e  seaward 

t i p s  of t h e  j e t t i e s  and d i f f r a c t e d  i n t o  t h e  d e p o s i t i o n  b a s i n .  For t h e  

s m a l l e r  waves (5 f t ) ,  which broke n e a r  t h e  s h o r e l i n e ,  o n l y  t h e  second 

p o r t i o n  of t h e  above d e s c r i p t i o n  h o l d s  t r u e .  It was d i f f i c u l t  t o  make 

d i r e c t  comparisons of t h e  accumula t ive  p a t t e r n s  of d e p o s i t i o n  i n  t h e  

b a s i n  s i n c e  i n  many t e s t s ,  d redg ing  of t h e  d e p o s i t i o n  b a s i n  was per-  

formed. P l a t e s  34 and 39 show t h e  f u l l  t e s t ' s  d e p o s i t i o n  of t h e  P lan  1 

system f o r  c o a l  and p l a s t i c  sed iments ,  r e s p e c t i v e l y .  In each c a s e  t h e  

sediment was moved t o  t h e  shoreward end of t h e  d e p o s i t i o n  bas in .  

102. P l a t e  63  shows movement over  t h e  we i r  f o r  Plan 2. The s e d i -  

ment moved over  t h e  we i r  and behind t h e  shoreward p o r t i o n  of t h e  j e t t y .  

The photograph shows t h e  d e p o s i t i o n  f o r  o n l y  t h e  l a s t  1 h r  of t h e  t e s t  

s i n c e  dredging of t h e  b a s i n  was performed d u r i n g  t h e  t e s t .  The b a s i n  

was no t  c u t  i n t o  t h e  model bed f o r  Plan 2 ,  s o  t h e  d e p o s i t i o n  i s  s p r e a d  

over  a b roader  a r e a  than  i f  t h e  b a s i n  had been i n s t a l l e d .  P l a t e  66 

shows t h e  l a s t  h o u r ' s  d e p o s i t i o n  f o r  Plan 3, w i t h  sediment accumulat ing 

i n  t h e  l e e  of t h e  shoreward p o r t i o n  of t h e  j e t t y .  P l a t e  8 1  shows t h e  

l a s t  h o u r ' s  d e p o s i t i o n  f o r  P lan  3A,  and P l a t e  86 shows d e p o s i t i o n  f o r  

Plan 3 B  f o r  t h e  l a s t  4 h r  of t e s t i n g .  P l a t e  93 shows t h e  e n t i r e  test 's  

b a s i n  d e p o s i t i o n  f o r  Plan 3C. The s h o r e l i n e  h a s  b u i l t  a c r o s s  t h e  b a s i n  

t o  t h e  o t h e r  s i d e .  For t h e  t e s t s  d i s c u s s e d  i n  t h i s  paragraph on ly  t h e  

5 - f t ,  10-sec wave was reproduced.  





103. Sediment movement o v e r  t h e  w e i r  f o r  t h e  1 0 - i t ,  10-sec wave 

w i t h  Plan 3  ( P l a t e  73) i n d i c a t e d  movement of sediment over  t h e  e n t i r e  

w i d t h  of t h e  we i r  due t o  t h e  accumulat ion of sediment a long  t h e  e n t i r e  

seaward s i d e  of t h e  weir ;  accumulat ion is  i n  t h e  o u t e r  one- th i rd  oE t h e  

b a s i n .  Plan 3C1s response  ( P l a t e  96) i s  s i m i l a r  t o  t h a t  of P lan  3. The 

response  of P lans  3B and 3D, which have g r o i n s  a d j a c e n t  t o  t h e  w e i r ,  was 

t o  promote b a s i n  f i l l i n g  s t r a i g h t  a c r o s s  t h e  b a s i n ,  p a r a l l e l  t o  t h e  

s h o r e l i n e  f o r  t h e  10-f t  wave c o n d i t i o n  and is shown i n  F i g u r e  43. The 

shoreward s p i t  development i n  F i g u r e  43a was due t o  t h e  e a r l i e r  p o r t i o n s  

of t h e  test when t h e  5 - f t  upcoas t  wave and 10-f t  downcoast waves were 

run.  

104. From t h e  above d i s c u s s i o n  i t  w a s  s e e n  t h a t  f o r  i n i t i a l  con- 

d i t i o n s ,  t h a t  i s ,  f o r  a newly dredged b a s i n ,  and f o r  wave c o n d i t i o n s  

where t h e  b r e a k e r  is  c l o s e  t o  s h o r e ,  sediment moved over  t h e  shoreward 

edge of t h e  weir  and d e p o s i t e d  i n  t h e  l e e  of t h e  shoreward p o r t i o n  of 

t h e  j e t t y ,  and a  s p i t  developed a c r o s s  t h e  shoreward p o r t i o n  o f  t h e  

b a s i n .  However, f o r  l a r g e r  waves, suspended sediment would be t r a n s -  

p o r t e d  over  t h e  more seaward p o r t i o n  of t h e  w e i r ,  and f o r  some t e s t s  

where sediment had accumulated t o  s h a l l o w  dep ths  i n  f r o n t  of t h e  we i r  

( P l a t e s  78 and 96) sediment movement o v e r  t h e  e n t i r e  we i r  l e n g t h  took 

p lace .  Other tests, l i k e  t h a t  shown i n  F igure  43b, show t h a t  c e r t a i n  

c o n d i t i o n s  might produce s p i t  development a c r o s s  t h e  b a s i n  which cou ld  

s h o r t - c i r c u i t  t h e  u s e  of a  p o r t i o n  of t h e  d e p o s i t i o n  b a s i n  f o r  l a r g e r  

wave c o n d i t i o n s .  

Other tests wi th  c o a l  

105. The Plan 3  sys tem a l s o  w a s  s u b j e c t e d  t o  t e s t i n g  w i t h  t i d e s  

and wi th  l a r g e r  waves. It was d e s i r e d  t o  s e e  whether any s i g n i f i c a n t  

d i f f e r e n c e s  were noted when t h e  r e g u l a r l y  s c a l e d  t i d e  w a s  run  w i t h  s e d i -  

ment beach and feed c o n d i t i o n s  s i m i l a r  t o  t h e  no- t ide  t e s t i n g .  A s  d i s -  

cussed p r e v i o u s l y ,  test  13 provided a f i l l e t  s i m i l a r  t o  the  no- t ide  test 

( t e s t  12),  but  o f  much l o n g e r  e x t e n t  a longshore  due t o  t h e  .varying water  

l e v e l .  T o t a l  volume d e p o s i t e d  i n  t h e  b a s i n  f o r  t e s t  13 was reduced Erom 
3 t h e  test 12 v a l u e  by 0.469 f t  ( o r  19 p e r c e n t ) ;  however F i g u r e  40 shows 

t h a t  t h e  s l o p e s  of t h e  two test c u r v e s  a r e  similar, i n d i c a t i n g  t h a t  each 





t e s t  had reached  a  similar r a t e  of d e p o s i t i o n .  There fore ,  f o r  t h e  5 - f t ,  

10-sec wave c o n d i t i o n ,  r e s u l t s  between t h e  t i d e  and n o - t i d e  t e s t i n g  were 

n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

106. T e s t  14 (no- t ide)  and t e s c  15 ( t i d a l )  were conducted i n  a  

s i m i l a r  manner t o  t e s t s  12 and i 3  excep t  a 10- f t ,  LO-sec wave was repro-  

duced. Although t h e  f i l l e t s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  more 

d e p o s i t i o n  i n  t h e  b a s i n  and more movement o f f s h o r e  p a s t  t h e  w e i r  was 

measured f o r  t h e  no t i d e  t e s t  due t o  t h e  c o n s t a n t  h i g h  w a t e r  l e v e l .  

However, t h e  p e r c e n t a g e  of sediment moving p a s t  t h e  w e i r  was h i g h e r  f o r  

t h e  t i d e  tes t - -24 p e r c e n t  compared w i t h  18 p e r c e n t  f o r  t h e  n o - t i d e  

c o n d i t i o n  of t e s t  14. 

107. T e s t s  16, 17,  and 19 were des igned  t o  examine t h e  p o s s i b i l -  

i t i e s  of p r e v e n t i n g  some of t h e  problems such  as s m a l l  f i l l e t  development 

o r  sediment  bypass ing  t h e  we i r  s e c t i o n .  N e i t h e r  of t h e  g r o i n s  upcoas t  of 

t h e  w e i r  ( t e s t s  16 and 17) appeared t o  a d v e r s e l y  a f f e c t  t r a n s p o r t  t o  t h e  

w e i r  and d i d  p r o v i d e  i n c r e a s e d  f i l l e t  s t o r a g e .  Also,  when a  1 0 - f t ,  

10-sec wave was added a s  a  c o n t i n u a t i o n  t o  t e s t  17,  no tendency f o r  sed i -  

ment t o  c u t  o f f  t h e  w e i r  was no ted .  The g r o i n  downcoast of t h e  w e i r  

a i d e d  i n  reduc ing  t h e  amount of m a t e r i a l  b y p a s s i n g  t h e  w e l r  and moving 

toward t h e  j e t t y  t i p .  

Time s c a l e  

108. It might b e  of i n t e r e s t  t o  d e t e r m i n e  a n  es txmate  o r  range  o f  

t h e  model p r o t o t y p e  t ime  s c a l e  f o r  sediment  t r a n s p o r t .  The 5 - f t ,  10-sec 
3 t e s t  d a t a  were used and a  0.494 f t  / h r  f e e d  r a t e  was e x p e r i m e n t a l l y  

found t o  be  t h e  maximum c a p a c i t y  f o r  t h i s  wave. T h i s  a l s o  w a s  abou t  t h e  

average  r a t e  t h a t  was d e p o s i t i n g  i n  t h e  b a s i n  once a  n e a r - e q u i l i b r i u m  

f i l l e t  was o b t a i n e d .  Using t h e  Shore P r o t e c t i o n  Manual (CERC 1977) 

e q u a t i o n  

where 
3 

Q = l o n g s h o r e  t r a n s p o r t  rate  (yd / ~ r )  

PQ 
= l o n g s h o r e  energy f l u x  f a c t o r  ( f t - l b / s e c / l i n e a r  f t  of beach) 

s 



with PR determined from the expression (CERC 1977) 
S 

!L 
= 32.1 ~ 2 ' ~  sin 2a 

b 
S 

where 

H?, = breaker height in ft (use 5 ft) 

a = breaker angle (use 10 deg) b 
3 From the above P = 613 ft-lb/sec/ft and Q = 4 ,597 ,500  yd /yr = 

3 P, s 3 0.146 yd /sec. As mentioned earlier, 0.494  ft was depositing in the 

basin hourly. This represents about 18,300  yd3 in prototype units. 
3 3 

Dividing 18 ,300  yd by 0.146 yd /sec equals 125 ,342  sec = 34.8 hr. 

Therefore, 1 hour in the model represents 34.8  hr prototype. However, 

this prototype estimate of sand transport used is usually considered 

near a maximum especially at higher energy levels (as the calculated 

P is). Some prototype measurements show transport rates can be two 
J?, s 

orders of magnitude less than those calculated. For the sake of this 

illustration, a range from that rate calculated to one order of magnitude 

less will be assumed. Therefore, one hour in the model can represent 

34.8 to 348 hours in the prototype or one model hour can represent 1.45 

to 14.5 days. 

109.  The manner in which the model sediment is moving can be 

examined by use of Inman and Bagnold's ( 1 9 6 3 )  equation: 

1, = (pS - P )  ga' S, 

where 

lJ?, = immersed weight transport rate (Ib/sec) 

2 4 
s 

= sediment density (lb-sec /ft ) 

2 4  
p = water density (lb-sec /ft ) 

2 
g = acceleration due to gravity (ftjsec ) 

a' = correction factor for pore space (equal to 0 .62  for coai) 
3 .  

S, = volume transport rate (ft /sec) 

and Komar and Inman's ( 1 9 7 0 )  equation: 



where 

K = a dimensionless  cons tan t  

IR = a s  defined above 

Pi = a s  defined above 

Calcula t ing  Pil f o r  t h e  5 - f t ,  10-sec and 10- f t ,  10-sec, 40-deg deepwater 

angle  wave condi t ions  sca l ed  down t o  model dimensions and determining I 
R 

from Inman and Bagnold's equat ion ,  va lues  of K were determined f o r  

Komar and Inman's equat ion.  For t h e  5-f t  wave, K = 0.31 and f o r  t h e  

10-f t  wave K = 0. i8 .  Nodel va lues  of K i n  p a s t  s t u d i e s  have been i n  

t h i s  range, whi le  t h e  va lue  of K f o r  f i e l d  d a t a  has  been -0.77. Con- 

s i d e r i n g  K an e f f i c i e n c y  f a c t o r ,  i t  is  seen t h a t  t h e  model i s  noc a s  

e f f i c i e n t  a s  t h e  pro to type  i n  moving sediment,  poss ib ly  due t o  reduced 

turbulence  i n  t h e  model. This  i s  i l l u s t r a t e d  by t h e  observa t ion  chat  t h e  

model t r a n s p o r t  i s  almost a l l  bed load f o r  t h e  5 - f t ,  10-sec wave condi- 

t i o n ,  wi th  l i t t l e  o r  no suspended sediment. Also, t h e  l a c k  of sediment 

f o r  t r a n s p o r t  became a problem f o r  t h e  l a r g e r  10-ft  wave. The sediment 

wedge extended out  t o  near  t h e  depth of breaking f o r  t h e  10-kt wave, 

bu t  t h e  t h i n  veneer near  t h e  t i p  of t h e  beach wedge quick ly  eroded so 

t h a t  t h e  absence of sediment a t  t h e  seaward edge of t h e  breaker  zone 

reduced t r a n s p o r t  f o r  a  given wave energy. This i s  r e f l e c t e d  i n  t h e  

c a l c u l a t i o n  of a K = 0.18 f o r  t h e  10-ft  wave. 

110. A f i n a i  comment on time s c a l e  would be t o  conclude t h a t  a  

t ime s c a l e  i s  not  c r i t i c a l  t o  eva lua t ion  of r e s u l t s  of t h i s  s tudy s i n c e  

t h e  movabie-bed po r t ion  was examining an "equilibrium" s h o r e l i n e  upcoast 

of t h e  weir.  However, i t  might be of i n t e r e s t  t o  determine t h e  time t o  

o b t a i n  "equi l ibr iumM f i l i e t s .  It probably would be very  d i f f i c u l t  t o  

e x t r a p o l a t e  such information from t h e  present  s tudy,  e s p e c i a l l y  s i n c e  

t h e  model was no t  f u l l y  a  movable-bed type. Consequently, i t  may not be 

poss ib l e  t o  o b t a i n  meaningful r e s u l t s  on t h e  t ime r equ i r ed  t o  develop 

equi l ibr ium f i i l e t s  from t h i s  information.  



PART V I :  OBSERVATIONS AND CONCLUSIONS 

111, The p r e s e n t  s t u d y  h a s  p e r m i t t e d  a  number of o b s e r v a t i o n s  

which h o p e f u l l y  w i l l  c o n t r i b u t e  t o  we i r  j e t t y  des ign .  Major o b j e c t i v e s  

of t h e  s t u d y  were t o  de te rmine  optimum j e t t y  and wei r  o r i e n t a t i o n ,  w e i r  

e l e v a t i o n ,  and w e i r  l e n g t h  w i t h  r e s p e c t  t o  impounding t h e  n e t  longshore  

t r a n s p o r t  w h i l e  p rov id ing  s a f e  n a v i g a t i o n  i n  t h e  channel  and d redg ing  

o p e r a t i o n s  i n  t h e  d e p o s i t i o n  b a s i n .  

Hvdrau l ic  T e s t i n g  

Flow over  t h e  we i r  

112. R e s u l t s  of t h e  h y d r a u l i c  s t u d i e s  i n d i c a t e  t h e  fol.lowing: 

a. High Keulegan K (P lan  1 )  and low Keulegan K (P lan  1A) - 
i n l e t s  were t e s t e d .  High K i n l e t s  have maximum ebb 
and f lood  c u r r e n t s  n e a r  m i d t i d e  e l e v a t i o n  and low K 
i n l e t s  have maximum ebb and f lood  c u r r e n t s  n e a r  low- and 
high-water e l e v a t i o n s ,  r e s p e c t i v e l y .  A s  a r e s u l t  (con- 
s i d e r i n g  a  w e i r  a t  m t l ) ,  h igh  K i n l e t s  have less f l o o d  
f low and g r e a t e r  ebb f low over  a weir  than  low K in-  
l e t s .  For low K i n l e t s  t h e r e  is  very  l i t t l e ,  i f  any,  
ebb f low over  an intl  w e i r .  For h i g h  K i n l e t s ,  f lood  
f low predominates  over  ebb f low f o r  an  m t l  weir .  There- 
f o r e  m t l  can be c o n s i d e r e d  a r e a s o n a b l e  e l e v a t i o n  f o r  a  
we i r  s e c t i o n  s i n c e  i t  a p p e a r s  d e s i r a b l e  t o  minimize ebb 
f low over  t h e  we i r  due t o  t h e  p o s s i b i l i t y  of a i d i n g  
m i g r a t i o n  of t h e  n a v i g a t i o n  channel  toward t h e  we i r  and 
t h u s  through t h e  d e p o s i t i o n  bas in .  Although low-water 
w e i r s  were n o t  t e s t e d  i n  t h i s  s t u d y ,  a n o t h e r  model s t u d y  
(Seabergh and Sager 1980) i n  which d u a l  low water  w e i r s  
were examined r e v e a l e d  t h a t  f o r  an  i n l e t  wi th  a moderate 
t i d e  range  ( ~ 4 . 0  f  t) and K = 0.9  , con t inued  ebb f low 
was mainta ined over  t h e  low-water weir  which tended t o  
d i s p e r s e  t h e  ebb f low over  t h e  e n t i r e  r e g i o n  between t h e  
j e t t i e s .  T h i s  a i d e d  c u r r e n t s  i n  f lowing a long t h e  i n n e r  
w a l l s  of t h e  we i r  and j e t t y  r a t h e r  than c o n c e n t r a t i n g  
t h e  ebb f low i n  t h e  n a v i g a t i o n  channel .  While a  low- 
wate r  w e i r  h a s  been used s u c c e s s f u l l y  a t  Perdido Pass ,  
F la . ,  wi thou t  s c o u r i n g  a long  t h e  we i r  o r  j e t t y  t r u n k ,  
t h e  t i d e  range i s  s m a l l  and wave a c t i v i t y  low. 

b. The r e d u c t i o n  i n  weir l e n g t h  from 600 t o  300 f t  d i d  n o t  - 
change t h e  u n i t  f low o v e r  t h e  weir .  



c .  For t e s t s  wi thou t  waves, f l o o d  t i d a l  f low was un i fo rmly  - 
d i s t r i b u t e d  over  t h e  l e n g t h  of t h e  weir .  

d. A s  f low a r e a  between t h e  oceanward end of t h e  j e t t i e s  i s  - 
reduced r e l a t i v e  t o  t h e  minimum c r o s s - s e c t i o n a l  a r e a  a t  
t h e  i n l e t  gorge,  ebb and f l o o d  v e l o c i t i e s  over  t h e  w e i r  
a r e  i n c r e a s e d ,  f l o o d  d u r a t i o n s  a r e  i n c r e a s e d ,  and ebb 
d u r a t i o n s  decreased .  

e .  I n  g e n e r a l ,  a lower Keulegan K i n l e t  w i l l  have g r e a t e r  - 
f l o o d  q ( u n i t  d i s c h a r g e )  o v e r  t h e  w e i r  and smaller ebb 
q than a  h i g h e r  K i n l e t .  

f .  The r a t i o  of f l o o d  f low volume over  t h e  we i r  t o  t h e  - 
t i d a l  pr ism v a r i e d  from 0.5 t o  4.7 p e r c e n t ,  wi th  t h e  
maximum r a t i o  f o r  a  low K i n l e t .  

Sur face  c u r r e n t  
f low p a t t e r n  photographs  

113. Conclusions  and o b s e r v a t i o n s  d e r i v e d  Erom t h e  s u r f a c e  c u r r e n t  

photographs  i n d i c a t e d  t h e  fo l lowing :  

a .  Tide  on ly- -a l l  p l a n s .  - 
(1)  Plan 1 showed a s l i g h t  tendency f o r  e a r l y  ebb and 

f lood  f lows t o  d e f l e c t  t o  t h e  i n s i d e  r e g i o n  of t h e  
upcoas t  j e t t y .  

(2) Plan 1A ebb and f l o o d  f lows  were w e l l  a l i g n e d  w i t h  
t h e  n a v i g a t i o n  channel .  The phase s h i f t  i n  t h e  t ime 
of maximum c u r r e n t s  from t h e  Plan 1 c o n d i t i o n  ac- 
counted f o r  t h e  improvement r e l a t i v e  t o  P lan  1 i n l e t  
which had t h e  same j e t t y  a l ignment  a s  Plan 1A.  

(3)  Plan 2 showed s l i g h t l y  improved a l ignment  of f l o o d  
and ebb c u r r e n t s  i n  t h e  channel  r e l a t i v e  t o  P lan  1. 

(4 )  Plan 3 showed b e t t e r  a l ignment  of f l o o d  c u r r e n t s  i n  
t h e  e n t r a n c e  channe l  t h a n  Plan 1 o r  2 ,  bu t  d u r i n g  
t h e  e a r l y  ebb f low t h e r e  was a  d i v e r s i o n  of c u r r e n t s  
over  t h e  seaward end of t h e  we i r  f o r  Plan 3 ,  s i n c e  
t h e  we i r  was c l o s e r  t o  t h e  channel  t h a n  f o r  PLan 1 
o r  2. 

(5) T i d a l  c u r r e n t s  a r e  b e t t e r  guided by having t h e  o u t e r  
l e g  of t h e  we i r  j e t t y  p a r a l l e l  t o  t h e  downcoast 
j e t t y ;  however, t h e  oceanward end of t h e  w e i r  shou ld  
be p laced  a s  f a r  from t h e  channel  a s  p o s s i b l e  t o  
reduce t h e  tendency f o r  ebb c u r r e n t s  t o  move a c r o s s  
t h e  d e p o s i t i o n  b a s i n .  

b. Tide  p l u s  waves from upcoast--Plan 1. - 
(1)  Plan 1 f l o o d  t i d e  f low a t  t h e  j e t t y  e n t r a n c e  was 

pushed t o  t h e  downcoast s i d e  of t h e  channel  by l a r g e  
upcoas t  waves. 



(2 )  S t rong  oceanward c u r r e n t s  were genera ted  a long  t h e  
upcoas t  s i d e  of t h e  weir  j e t t y  and a long  t h e  f a c e  of 
t h e  w e i r  even though c o n s i d e r a b l e  over topp ing  of t h e  
w e i r  occur red  d u r i n g  e a r l y  f l o o d  f lows.  

(3) C u r r e n t s  a long  t h e  o u t e r  l e g  of t h e  we i r  j e t t y  
d e c r e a s e  d u r i n g  l a t e  f l o o d  f low when f low over  t h e  
we i r  i s  s t r o n g e s t .  

(4)  Ebb f low i n  t h e  n a v i g a t i o n  channe l  c o n c e n t r a t e d  on 
t h e  s i d e  a d j a c e n t  t o  t h e  we i r  j e t t y  a s  i t  moved 
oceanward (Photo 24). 

(5) S t rong  c u r r e n t s  moved oceanward a long  t h e  upcoas t  
s i d e  of t h e  we i r  j e t t y  d u r i n g  ebb t i d a l  c o n d i t i o n s .  

(6) S t rong  e d d y l i k e  c i r c u l a t i o n s  e x i s t e d  i n  t h e  deposi -  
t i o n  b a s i n  d u r i n g  most of t h e  t i d a l  c y c l e ,  t h u s  
be ing  conducive t o  s e d i m e n t a t i o n  i n  t h e  b a s i n .  

c. Tide p l u s  waves from downcoast--Plan 1. - 
(1) Upcoast moving longshore  c u r r e n t s  began about  700 t o  

900 f t  upcoas t  of t h e  shoreward end of t h e  weir f o r  
t h e  10- f t ,  10-sec waves. 

( 2 )  S t rong  eddy c i r c u l a t i o n s  e x i s t e d  i n  t h e  d e p o s i t i o n  
b a s i n .  

(3) Flow o v e r  t h e  weir  was v e r y  s l i g h t .  

(4) Flood f low i n  t h e  e n t r a n c e  channe l  was conf ined  t o  
t h e  upcoas t  s i d e  of t h e  channel  and ebb f low was 
conf ined  t o  t h e  downcoast s i d e  of t h e  e n t r a n c e  
channe l .  

d.  Tide  p l u s  waves from upcoast--Plan 2. Comments f o r  t h i s  - 
plan  a r e  s i m i l a r  t o  t h o s e  f o r  Plan 1 upcoast  waves, ex- 
c e p t  t h a t  c u r r e n t s  a long  t h e  upcoas t  s i d e  of t h e  ocean- 
ward s e c t i o n  of t h e  weir  j e t t y  were s l i g h t l y  i n c r e a s e d .  

e .  Tide  p l u s  waves from downcoast--Plan 2. Same a s  f o r  - 
Plan 1 excep t  t h a t  t h e  upcoas t  movement of t h e  longshore  
c u r r e n t  began v e r y  c l o s e  t o  t h e  w e i r  j e t t y .  

f .  Tide  p l u s  waves from upcoast--Plan 3. - 
(1) This  p l a n  showed t h e  b e s t  ebb and f l o o d  f low s u r f a c e  

c u r r e n t  p a t t e r n s  i n  t h e  e n t r a n c e  channe l ,  being 
t h e  l e a s t  a f f e c t e d  by waves and showing a  lesser 
tendency f o r  f low i n t o  t h e  d e p o s i t i o n  bas in .  T e s t s  
w i t h  waves a l s o  c o r r e c t e d  t h e  minor d e f i c i e n c y  s e e n  
i n  t i d e  tests wi thou t  waves i n  which t h e r e  was ebb 
f low o v e r  t h e  we i r .  

( 2 )  There was less wave p r o t e c t i o n  i n  t h e  b a s i n  due t o  
the g r e a t e r  exposure  t o  waves because  of t h e  30-deg 
wei r  a n g l e .  



g. Tide p l u s  waves from downcoast--Plan 3. The longshore  
c u r r e n t  moved upcoas t  from n e a r  t h e  we i r ,  a l though  
v e l o c i t i e s  i n i t i a l l y  were ve ry  low n e a r  t h e  weir .  

Summary. Waves s i g n i f i c a n t l y  a f f e c t  f low p a t t e r n s  i n  
t h e  v i c i n i t y  of t h e  we i r  j e t t y .  Longshore c u r r e n t s  gen- 
e r a t e d  by upcoas t  waves a r e  s p l i t  between f lowing over  
t h e  w e i r  and f lowing oceanward a long  t h e  upcoas t  j e t t y .  
A t  lower f a l l i n g  t i d e  s t a g e s ,  t h e  e n t i r e  c u r r e n t  may be 
d i r e c t e d  oceanward a long  t h e  j e t t y .  I n  the  r e g i o n  of t h e  
j e t t y  e n t r a n c e ,  ebb and f l o o d  c u r r e n t s  a r e  s h i f t e d  by t h e  
e f f e c t  of t h e  waves. For upcoas t  waves, ebb f lows a r e  
conf ined  t o  t h e  upcoas t  s i d e  of t h e  channel  and f l o o d  
f lows no t h e  downcoast s i d e  of t h e  channel .  The more 
a c u t e  t h e  a n g l e  of t h e  we i r  w i t h  t h e  s h o r e ,  t h e  g r e a t e r  
t h e  exposure  of t h e  d e p o s i t i o n  b a s i n  t o  waves. Thus 
t h e  rank ing  of p l a n s  from l e s s  t o  g r e a t e r  upcoast  wave 
exposure  would be: P lans  1, 2 ,  and 3. However, a  
q u a l i t a t i v e  e v a l u a t i o n  of t h e  amount of wave a c t t v i t y  i n  
t h e  d e p o s i t i o n  b a s i n  by downcoast waves would r e v e r s e ,  
i . e . ,  P lans  3,  2 ,  1, s i n c e  P lans  1 and 2 l e t  g r e a t e r  
downcoast wave energy through t h e  e n t r a n c e  channel  t o  
t h e  d e p o s i t i o n  bas in .  The Plan 3 d e p o s i t i o n  b a s i n  
i s  i n  t h e  d i f f r a c t i o n  zone of t h e  waves e n t e r i n g  between 
t h e  j e t t i e s .  Flow p a t t e r n s  over  t h e  b a s i n  a l s o  were 
s i g n i f i c a n t l y  a f f e c t e d  by waves. 

Dye s t r e a k  v e l o c i t y  measurements 

114. R e s u l t s  from t h e  dye s t r e a k  v e l o c i t y  measurements indicated: 

a. These measurements suppor ted  o b s e r v a t i o n s  from t h e  - 
s u r f a c e  c u r r e n t  photographs  t h a t  a s  t h e  t i d e  e l e v a t i o n  
f a l l s  and t h e  b r e a k e r  zone moves seaward,  t h e r e  i s  
i n c r e a s e d  c u r r e n t  f low a long  t h e  upcoas t  f a c e  of t h e  
j e t t y  and wei r .  Plan 3 had h i g h e r ,  more c o n c e n t r a t e d  
c u r r e n t s  i n  t h i s  r e g i o n  a l o n g  t h e  o u t e r  p o r t i o n  of t h e  
j e t t y  due t o  i t s  geometry. 

b. A s  t h e  we i r  a n g l e  was reduced from 90 deg ,  t h e r e  was a n  - 
i n c r e a s e  i n  seaward-flowing v e l o c i t i e s  a t  t h e  o c e a n s i d e  
b a s e  of t h e  we i r  s e c t i o n .  

Beach Response T e s t s  

115. R e s u l t s  from t h e  beach response  t e s t s  i n d i c a t e d  t h e  

fo l lowing :  

a. Not a l l  sediment e n t e r i n g  t h e  v i c i n i t y  of a wei r  j e t t y  - 
system from upcoas t  moved over  t h e  we i r  i n t o  t h e  



d e p o s i t i o n  b a s i n  o r  was s t o r e d  i n  a  f i l l e t  upcoas t  of 
t h e  weir .  Some sediment  moved o f f s h o r e  due t o  two 
mechanisms. F i r s t ,  longshore  c u r r e n t s  f o r  t h e  l a r g e r  
wave c o n d i t i o n s  were d e f l e c t e d  o f f s h o r e  a long  t h e  ocean 
s i d e  of t h e  j e t t y ,  moving sediments  w i t h  them. Second, 
r e f l e c t e d  waves from t h e  upcoas t  j e t t y  i n t e r a c t e d  w i t h  
i n c i d e n t  waves forming a s h o r t - c r e s t e d  wave f i e l d  upcoas t  
of t h e  we i r  j e t t y .  The i n t e r a c t i o n  of t h i s  wave f i e l d  
and t h e  s h o r e l i n e  c r e a t e d  c i r c u l a t i o n  c e l l s  w i t h  r i p  
c u r r e n t s  which c a r r i e d  sediment o f f s h o r e  j u s t  upcoas t  of 
t h e  we i r  s e c t i o n .  

The f i l l e t  s t o r a g e  w i t h  upcoas t  waves f o r  t h e  v a r i o u s  
weir  a n g l e s  was ranked as f o l l o w s ,  from g r e a t e s t  t o  
l e a s t :  90,  60,  45, and 30 deg. S ince  shapes  of f i l -  
lets  were s i m i l a r ,  i f  t h e  r e d u c t i o n  of a r e a  f o r  s m a l l e r  
a n g l e s  due t o  s l i c i n g  o u t  more of t h e  s t o r a g e  a r e a  is 
n e g l e c t e d ,  t h e  45-deg wei r  would have t h e  minimum s u r f a c e  
a r e a  due t o  f o c u s i n g  of r e f l e c t e d  waves on i t  f o r  t h e  
given model wave c o n d i t i o n .  

c. The amount of sediment  moving o f f s h o r e  was dependent on - 
weir  a n g l e ,  wi th  t h e  90-deg weir (P lan  1) having t h e  
l e a s t  o f f s h o r e  movement fol lowed by t h e  60-deg w e i r  
(Plan 2 ) ,  45-deg wei r  (P lan  3C), and t h e  30-deg wei r  
( P l a n  3 ) .  

d.  Consider ing t h e  b a s i c  weir  j e t t y  o r i e n t a t i o n s ,  t h e  per-  - 
cen tage  of f i l l e t  removal by t h e  downcoast wave, de- 
s i r a b l e  f o r  backpass ing ,  was g r e a t e s t  f o r  P lans  2  and 3 ,  
w i t h  100 p e r c e n t  removal; and Plan 1, wi th  52 p e r c e n t  
r emo va 1 . 

e. T e s t i n g  of P lan  3  w i t h  a  t i d e  showed l i t t l e  d i f f e r e n c e  - 
from t h e  u s u a l  no- t ide  t e s t s  wi th  a  5 - f t ,  10-sec wave. 

f .  The l o c a t i o n  of a  g r o i n  upcoas t  of Plan 3  d i d  n o t  - 
d e t e r  sediment movement t o  t h e  weir  once a  f i l l e t  was 
c r e a t e d  upcoas t  of t h e  g r o i n .  These c o n f i g u r a t i o n s  
( P l a n s  3.4 and 3B)  t h e n  p e r m i t t e d  e a s i e r  n a t u r a l  back- 
p a s s i n g  o u t s i d e  t h e  shadow of t h e  j e t t i e s .  

g, A g r o i n  downcoast of t h e  we i r  s e c t i o n  (P lan  3D) a i d e d  i n  
reduc ing  t h e  amount of sediment bypass ing t h e  we i r  and 
moving t o  t h e  j e t t y  t i p s ,  but  i t  d i d  no t  t o t a l l y  s t o p  
t h a t  movement. 

A p p l i c a t i o n  - t o  Weir J e t t y  Design 

116, In concep t ,  t h e  most d e s i r a b l e  we i r  j e t t y  system would in -  

v o l v e  t h e  fo l lowing  f u n c t i o n s :  



a .  The wei r  would be s o  l o c a t e d  and designed t h a t  f l o w  over  - 
t h e  weir  would occur  predominantly on t h e  f lood  t i d e  s o  
t h a t  sediment i s  c a r r i e d  i n t o  t h e  d e p o s i t i o n  b a s i n .  

b  Ebb f low would be predominant ly  between t h e  j e t t i e s  and - 
not  over  t h e  w e i r  f o r  two primary reasons .  F i r s t ,  s t r o n g  
ebb flow toward and over  t h e  weir  might t r a i n  t h e  navlga- 
t i o n  channel  toward t h e  weir  and t h u s  through t h e  deposi-  
t i o n  b a s i n .  Second, Lf t h e r e  i s  n e t  f lood  flow over  t h e  
w e i r ,  t h e r e  w i l l  be n e t  ebb f low i n  t h e  n a v i g a t i o n  chan- 
n e l ,  a i d i n g  i n  f l u s h i n g  o u t  sediments  w11ich might e n t e r  
between t h e  j e t t i e s .  

c .  The weir would be e l e v a t e d  and p o s i t i o n e d  i n  such a  man- - 
n e r  t h a t  on ly  t h e  n e t  longshore  d r i f t  would be cap tured .  

d. The j e t t y  system would be s o  a l i g n e d  t o  encourage t h e  - 
t r a n s p o r t  of most of t h e  sediment d e p o s i t e d  i n  t h e  f i l l e t  
up beach d u r i n g  longshore  t r a n s p o r t  r e v e r s a l s .  

117. A d i s c u s s i o n  of t h e  a p p l i c a t i o n  of r e s u l t s  of t h i s  r e p o r t  t o  

we i r  j e t t y  des ign  must be cons idered  i n  view of t h e  1 . imi ta t ions  of t h i s  

t e s t i n g  program, i n c l u d i n g  s i m p l i f i e d  bathymetry and channel  o r i e n t a t i o n ,  

Limited wave c o n d i t i o n s ,  and Limited t i d a l  c o n d i t i o n s .  P ro to type  s i t u a -  

t i o n s  have complex b a t h y m e t r i e s ,  v a r i a b l e  s h o r e l i n e  o r i e n t a t i o n ,  a  v a r i -  

e t y  of bay c h a n n e l ( s )  c o n f i g u r a t i o n s ,  and p o s s i b l e  l a r g e  v a r i a t i o n s  i n  

wave c o n d i t i o n s .  Th i s  d i s c u s s i o n  w i l l  h o p e f u l l y  supplement i n f o r m a t i o n  

provided by Weggel (1981) and o t h e r  j e t t y  d e s i g n  guidance.  

118. Important  parameters  which need t o  be d e f i n e d  a s  w e l l  as 

p o s s i b l e  i n c l u d e  g r o s s  and n e t  longshore  sediment  t r a n s p o r t  r a t e s  and 

v a r i a t i o n s  w i t h i n  t h e  y e a r l y  c y c l e ,  t h i s  of course  coupled w i t h  wave 

c l imato logy ;  t h e  l o c a l  bathynietry and h i s t o r i c a l  r e c o r d s  of i t s  v a r i a -  

t i o n ;  t i d e  range;  t h e  type  of i n l e t  a s  deEined by i t s  t i d a l  r esponse ,  

which can be determined by e v a l u a t i o n  of i t s  Keulegan K v a l u e .  

119. Two s e r i e s  of recommendations w i l l  be p resen ted .  The f i r s t  

w i l l  d e a l  wi th  h y d r a u l i c s ,  t h e  second wi th  sediment movement. 

Hydraul ic  c o n s i d e r a t i o n s  

120. Flow over  t h e  we i r  and w e i r  e l e v a t i o n .  It is  recommended 

t h a t  ebb f low over  t h e  we i r  be minimized by examination of t h e  t i d a l -  

l e v e l ,  ebb-ve loc i ty  r e l a t i o n  a t  t h e  i n l e t  e n t r a n c e .  Th is  can be done 

based on a n  e v a l u a t i o n  of t h e  Keulegan K (Keulegan 1967) and use  of 

F i g u r e  5. As was noted i n  t h e  t e s t i n g ,  h igh  Keulegan K v a l u e  i n l e t s  



have h i g h e r  ebb f lows s o  t h e  e l e v a t i o n  of a  w e i r  f o r  t h i s  type  of i n l e t  

should  be kep t  a t  m i d t i d e .  For low Keulegan K i n l e t s  t h e  we i r  cou ld  

be lower i f  o t h e r  f a c t o r s  would permit  t h i s ;  f a c t o r s  such a s  a  low wave 

energy environment,  d e s i r e  t o  c a p t u r e  a l l  sediment i n  b a s i n ,  and 

minimized v e l o c i t i e s  c a r r y i n g  sediment seaward a l o n g  j e t t y .  On t h e  

o t h e r  hand,  low K i n l e t s  can have t h e  we i r  h i g h e r  than  mid t ide  i f  

r e q u i r e d  due t o  s t r o n g  wave c o n d i t i o n s  and t h e  d e s i r e  t o  have more pro- 

t e c t i o n  i n  t h e  b a s i n  s i n c e  maximum f lood  f lows occur  a t  h i g h e r  wa te r  

l e v e l s  than  a t  t h e  m i d t i d e  Level .  

121. Weir l o c a t i o n .  With r e s p e c t  t o  t i d a l  c u r r e n t s  w i t h i n  t h e  

j e t t y  system, t h e  f a r t h e r  t h e  w e i r  i s  from t h e  n a v i g a t i o n  channe l ,  t h e  

l e s s  l i k e l y  i t  is  t o  c a p t u r e  channe l  ebb c u r r e n t s  t h a t  a r e  d i r e c t e d  

seaward. This can depend on t h e  l o c a t i o n  of t h e  predominant ebb chan- 

n e l s  and t h e i r  o r i e n t a t i o n .  Care must be t a k e n  i n  e v a l u a t i o n  of ebb 

f low d i r e c t i o n  because  once t h e  j e t t y  system is  c o n s t r u c t e d ,  a d j u s t m e n t s  

of channe l  o r i e n t a t i o n  may t a k e  p l a c e  due t o  removal of some wave e f f e c t s  

and t h u s  sediment movement which, f o r  example, may have d e f l e c t e d  t h e  

ebb channe l  downcoast. 

1 2 2 .  J e t t y  a l ignment .  P a r a l l e l  oceanward j e t t y  segments provided 

t h e  b e s t  c u r r e n t  p a t t e r n s  on bo th  ebb and f l o o d  f lows ,  w i t h  and w i t h o u t  

wave a c t i o n ;  t h e r e  was l e s s  tendency f o r  t i d a l  f lows t o  meander toward 

t h e  b a s i n  reg ion .  With r e s p e c t  t o  wave a c t i o n  from t h e  downcoast d i r e c -  

t i o n ,  q u a l i t a t i v e  o b s e r v a t i o n s  from t h i s  s t u d y  i n d i c a - t e  l e s s  wave a c t i v -  

i t y  i n  t h e  b a s i n  r e g i o n  f o r  t h e  j e t t y  sys tems wi th  p a r a l l e l  o u t e r  j e t t i e s  

(P lan  3  i n  t h i s  s t u d y )  t h a n  t h o s e  w i t h  f l a r e d  o u t e r  j e t t y  s e c t i o n s  

(P lan  1 o r  2 i n  t h i s  s t u d y ) .  The f l a r e d  o u t e r  s e c t i o n s  a c t  a s  wave 

g u i d e s  i n  b r i n g i n g  downcoast waves through t h e  main e n t r a n c e  channe l  

toward t h e  d e p o s i t i o n  b a s i n .  

123. Weir l e n g t h .  Primary t r a n s p o r t  over  t h e  we i r  e x i s t s  a t  i t s  

i n t e r s e c t i o n  wi th  t h e  s h o r e l i n e .  I f  wave c l i m a t e  i s  m i l d ,  t h e  w e i r  

l e n g t h  should  o n l y  be a s  long  a s  n e c e s s a r y  t o  p r e v e n t  a  chance of 

c l o s u r e ,  something which h a s  n o t  y e t  been no ted  t o  occur  i n  e x i s t i n g  

w e i r  j e t t y  systems.  The l e n g t h  t o  p r e v e n t  c l o s u r e  would need t o  be 

e v a l u a t e d  based on wave c o n d i t i o n s ,  beach s l o p e ,  o r i e n t a t i o n  of t h e  



s t r u c t u r e ,  e t c .  I f  t h e  wave c l i m a t e  i s  h i g h l y  v a r i a b l e ,  t h e  w e i r  shou ld  

probably  extend f u r t h e r  oceanward so  a s  t o  i n c l u d e  a l a r g e  p e r c e n t a g e  

of t h e  b reaker  zone s i n c e  i t  was noted t h a t  t h e r e  was heavy t r a n s p o r t  

over  t h e  weir  a t  t h e  b r e a k e r  l o c a t i o n  f o r  l a r g e r  wave c o n d i t i o n s ;  o t h e r -  

w i s e ,  t h e  sediment w i l l  move o f f s h o r e  a long  t h e  j e t t y .  Another f a c t o r  

i n f l u e n c i n g  wei r  l e n g t h  w i l l  be t h e  c o n s i d e r a t i o n  of t h e  amount of f low 

which i s  d e s i r e d  i n  t h e  system. I f  a  d e s i g n  o b j e c t i v e  i s  t o  o b t a i n  h igh  

ebb dominance of f low i n  t h e  n a v i g a t i o n  channe l ,  t h e n  t h e  we i r  shou ld  be 

l o n g e r ,  i f  t h i s  would n o t  i n t e r f e r e  w i t h  o t h e r  c o n s t r a i n t s ,  such a s  

placement of a  p o r t i o n  of t h e  we i r  t o o  c l o s e  t o  t h e  channel .  The com- 

p l e t e  h y d r a u l i c  f low s i t u a t i o n  must be cons idered  t o  de te rmine  whether  

t h e  a d d i t i o n a l  f low provided by a wider  we i r  w i l l  s u b s t a n t i a l l y  augment 

ebb flow predominance and p rov ide  a d d i t i o n a l  s c o u r i n g  a b i l i t y  i n  t h e  

e n t r a n c e  channel .  

124.  J e t t y  and wei r  o r i e n t a t i o n .  A w e i r  which i s  p e r p e n d i c u l a r  

t o  s h o r e  w i l l  normal ly  have a n  o u t e r  s e c t i o n  f l a r e d  channelward ( P l a n  I 

system) t o  p rov ide  a  n i c h e  f o r  t h e  d e p o s i t i o n  b a s i n  away from t h e  chan- 

n e l .  This combination i s  probably  t h e  l e a s t  l i k e l y  system t o  pe rmi t  

sediment movement a long  t h e  upcoas t  s i d e  of t h e  j e t t y  system toward t h e  

j e t t y  t i p  and t h u s  t h e  n a v i g a t i o n  channel .  Th i s  assumes t h a t  d e p t h s  a r e  

f a i r l y  deep a t  t h e  j e t t y  t i p ;  o t h e r w i s e ,  i f  d e p t h s  a r e  sha l low and t h e  

b reaker  zone i s  c l o s e  t o  t h e  j e t t y  t i p ,  then  sediment may move a l o n g  

t h e  b reaker  l i n e  t o  t h e  j e t t y  t i p .  J e t t i e s  w i t h  angled wei r  s e c t i o n s  

and p a r a l l e l  o u t e r  t r u n k s  t end  t o  c o n c e n t r a t e  t h e  longshore  c u r r e n t s  

a long  t h e  s t r u c t u r e  and might have more sediment t r a n s p o r t  a long  t h e  

upcoast  f a c e  of t h e  s t r u c t u r e  toward t h e  e n t r a n c e  channe l ,  

Sediment movement c o n s i d e r a t i o n s  

125. Loca t ion  of shoreward end of we i r .  The s h i f t i n g  of t h e  s ta r t  

p o i n t  of t h e  we i r  seaward from t h e  i n i t i a l  s h o r e l i n e  pe rmi t s  g r e a t e r  f i l -  

l e t  development (and t h u s  s t o r a g e  f o r  sediment i n  a  r e v e r s i n g  longshore  

d r i f t  environment) and may a i d  i n  placement of t h e  d e p o s i t i o n  b a s i n  i n  a  

more recessed  l o c a t i o n ,  which o t h e r w i s e  might n o t  be p o s s i b l e  due t o  l and  

a c q u i s i t i o n  c o n s t r a i n t s .  The l o c a t i o n  of t h e  b a s i n  somewhat r e c e s s e d  is  

a p p r o p r i a t e  due t o  t h e  tendency f o r  t h e  sediment moving over  t h e  we i r  



f o r  moderate wave c o n d i t i o n s  t o  f o l l o w  t h e  s h o r e l i n e .  I f  t h e  w e i r  i s  

i n i t i a t e d  a t  t h e  o r i g i n a l  s h o r e l i n e ,  sediment w i l l  t end t o  move around 

t h e  e x i s t i n g  i n l e t  s h o u l d e r  toward t h e  n a v i g a t i o n  channe l ,  With a  por- 

t i o n  of t h e  d e p o s i t i o n  b a s i n  r e c e s s e d  shoreward of t h e  w e i r ,  t h e  

sediment  t e n d s  t o  wrap around t h e  s e c t i o n  of j e t t y  landward of t h e  w e i r  

by waves r e f r a c t i n g  over  t h e  a c c r e t e d  sediment .  I f  t r a n s p o r t  i s  pre- 

dominant ly  u n i d i r e c t i o n a l ,  t h e  l o c a t i o n  of t h e  shoreward end of t h e  w e i r  

cou ld  probably  be main ta ined  a t  t h e  e x i s t i n g  s h o r e l i n e  s i n c e  a l l  m a t e r i a l  

w i l l  e v e n t u a l l y  move o n t o  t h e  b a s i n ,  b u t  t h e  d e p o s i t i o n  b a s i n  shou ld  

s t i l l  be r e c e s s e d  landward of t h e  we i r  s e c t i o n  t o  p r e v e n t  movement of 

sediment  around t h e  i n l e t  s h o u l d e r .  I f  t h e  s t a r t i n g  p o i n t  of t h e  we i r  

s e c t i o n  is t o  be l o c a t e d  n e a r  t h e  e x i s t i n g  s h o r e l i n e  f o r  r e a s o n s  such 

a s  t o  move i t  away from t h e  n a v i g a t i o n  c h a n n e l ,  t h e  use  of a  g r o i n  up- 

c o a s t  of t h e  weir  s e c t i o n  (such a s  P lan  3B) may be d e s i r e d  t o  p rov ide  

sediment  s t o r a g e  f o r  a  r e v e r s i n g  l i t t o r a l  c l i m a t e ,  but  i f  t h e  wave 

c l i m a t e  is s e v e r e ,  t h e  g r o i n  might a i d  i n  j e t t i n g  some sediment o f f s h o r e .  

126 ,  Ref lec ted  wave e E f e c t s .  The p r e v i o u s l y  d i s c u s s e d  model s t u d y  

noted e f f e c t s  on sediment t r a n s p o r t  a l o n g  t h e  b e a c h l i n e  upcoas t  of t h e  

j e t t y  system due t o  t h e  i n t e r a c t i o n  of waves r e f l e c t e d  o f f  t h e  j e t t y  

s t r u c t u r e  and t h e  i n c i d e n t  waves. The o r i e n t a t i o n  of t h e  j e t t y  s t r u c t u r e  

and w e i r  s e c t i o n  caused v a r y i n g  e f f e c t s .  It i s  d i f f i c u l t  t o  e v a l u a t e  

t h e s e  e f f e c t s  on j e t t y  d e s i g n  due t o  t h e  q u a l i t a t i v e  n a t u r e  of t h e s e  

t e s t s  i n  t h e  model and t h e  l a c k  of knowledge as t o  how o f t e n  c o n d i t i o n s  

would be conducive to  c r e a t i n g  t h e  phenomenon and how s t r o n g  t h e s e  e f -  

f e c t s  might be i n  p r o t o t y p e  s i t u a t i o n s .  R e f r a c t i o n - r e f l e c t i o n  p a t t e r n s  

( s e e  P l a t e s  102 t o  105) cou ld  be developed f o r  a  g iven s i t e  c o n d i t i o n  t o  

a i d  i n  e v a l u a t i n g  t h e s e  e f f e c t s .  The c l o s e r  spac ing  of c i r c u l a t i o n  c e l l s  

f o r  t h e  30-deg and 45-deg ang led  w e i r s  c r e a t e d  s l i g h t l y  more o f f s h o r e  

sediment  movement t h a n  t h a t  of t h e  60-deg and 90-deg w e i r s ,  even though 

v e l o c i t i e s  i n  t h e  s h o r t - c r e s t e d  wave f i e l d  were g r e a t e r  i n  t h e  l a t t e r  

p a i r  than  i n  t h e  former p a i r .  The p u l l i n g  of sediment o f f s h o r e  i n  t h i s  

r e g i o n  may not  n e c e s s a r i l y  be d e t r i m e n t a l  i f  l i t t o r a l  r e v e r s a l  o c c u r s  

o f t e n  enough, s o  t h a t  t h e r e  i s  u s e f u l  s t o r a g e  o f f s h o r e  and upcoas t  oE 

t h e  we i r  s e c t i o n ,  and assuming t h e  sediment  can move back onshore  and 



upcoas t .  I f  t h e  longshore  t r a n s p o r t  i s  predominant ly  u n i d i r e c t i o n a l ,  

s t o r i n g  sediment i n  t h i s  r e g i o n  may n o t  be d e s i r a b l e  a s  i t  may tend t o  

move F u r t h e r  o f f s h o r e  a long  t h e  j e t t y  and move toward and i n t o  t h e  

n a v i g a t i o n  channel  a t  t h e  j e t t y  t i p .  T h e r e f o r e ,  a Larger angLed w e i r  

might be d e s i r a b l e  a t  a  u n i d i r e c t i o n a l  1-ongshore t r a n s p o r t  s i t e .  
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Table 3 (Concluded) 

Surface Area of F i l l e t  Af te r  To ta l  Amount Percent of To ta l  Amount 
Upcoast Percent of Downcoast Lost from Or ig ina l  Deposited 

Test Tracer Wave Test  10 Wave F i l l e t  F i l l e t  i n  Basin 
No. Plan Mater ia l  f t 2  (M) F i l l e t A r e a  f t 2  (M) -- f t 2  (MI Lost f t 3  (M) 

1 1 Coal 1.70 14 0.55 1.20 7 1 -- 
2 1 Coal 8.44 7 0 -0.41 8.85 105 -- 
3 1 P l a s t i c  33.40 278 3.35 30.05 9 0 -- 
4 1 Glass Beads 4.75 4 0 2.28 2.53 5 3  0.118 
5 1 Glass Beads 4.90 4 1 4.39 0.5 1 10 0.095 

To ta l  
Amount Fed 

t o  Beach 
f t 3  (M) 

7.711 
4.244 
5.642 
2.051 
1.058 

6 1 Glass Beads 3.77 3 1 -- -- -- 0.107 1.121 
7 1 Glass Beads 2.60 22 -- -- -- 0.210 0.332 
8 1 Glass Beads 0.80 6 -- -- -- 0.918 3.364 
9 1 Glass Beads 1.65 14 -- -- -- 0.354 1.425 

10 1 Coal 12.00 100 5.77 6.18 5 2 2.907 8.719 

11 2 Coal 9.61 80 0.00 9.61 100 2.283 3.590 
12 3 Coal 6.25 5 2 0.00 6.25 100 2.520 3.590 
13 3 Coal 15.35 128 7.20 8.15 53 2.051 3.590 
14 3 Coal 1.15 10 -0.35 1.50 130 7.736 12.822 
15 3 Coal 2.08 17 -0.10 2.18 105 3.707 12.309 

16 3A Coal 18.25 152 3.80 14.45 7 9 1.139 4.103 
17 3B Coal 28.20 235 2.70 25.50 9 0 2.264 3.077 
18 3C Coal 7.60 63 0.65 6.95 9 1 2.523 3.590 
19 3D Coal 2.50 2 1 -- -- -- -- -- 
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BEACH RESPONSE TEST 1 
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*PLASTIC 
SPECIFIC G R P . V y i r  1.18 
SIZE, D ' A N -  3.0MM 

LEG END 

---- HIGH WATER L I N E  AT ONSET OF TEST ( N O  T l S E )  

-- HIGH WATER L I N E  AFTER11 HOURS OF 5-FT, 10-SEC WAVES 
FROM 3 0  DEG UPCOAST 

HIGH WATER L I N E  AFTER UPCOAST WAVES PLUS 5 HOURS OF 
5-FT, 10-SEC WAVES FROM 3 0  DEG DOWNCOAST 
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BEACH RESPONSE TEST 3 
PLAN 1 
HOUR 5 
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BEACH RESPONSE TEST 4 
PLAN 1 I 

HOUR 50 
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BEACH RESPONSE TEST 5 
PLAN 1 

HOUR 82 
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BEACH RESPONSE TEST 7 
PLAN 1 
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BEACH RESPONSE TEST 7 
PLAN 1, LOOKING UPCOAST 

HOUR 16 
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BEACH RESPONSE TEST 8 
PLAN 1 
HOUR 60 
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PLAN 1 
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BEACH RESPONSE TEST 10 
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BEACH RESPONSE TEST 10 
PLAN 1 
HOUR 8 



DEPOSITION 

AREA - 

----HIGH WATER LINE AT ONSET OF TEST (NO TIDE) 

--HIGH WATER LINE AFTER 7 HOURS OF 5-FT, 10-SEC WAVES 
FROM 40 DEG UPCOAST 

HIGH WATER LINE AFTER UPCOAST WAVES PLUS 1 HOUR OF 
5-FT, 10-SEC WAVES FROM 3 0  DEG DOWNCOAST 

P R O F I L E  A T  ONSET OF T E S T  

BEACH RESPONSE TEST 1 1  

SCALES IN FEET 



BEACH RESPONSE TEST 11 
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DEPOSIT ION 

SIZE, DIAMZO 5 MM 

DISTANCE, FT (PROTOTYPE) 

PROFILE AT ONSET OF TEST 

BEACH RESPONSE TEST 12 

SCALES IN FEET 

---- HIGH WATER LINE AT ONSET OF TEST (NO TIDE) 

HIGH WATER LINE AFTER 7 HOURS OF 5-FT, 40-SEC WAVES 
FROM 40 DEG UPCOAST i 

-- HIGH WATER LINE AFTER UPCOAST WAVES PLUS I HOUR OF 
5-FT, 10-SEC WAVES FROM 3 0  DEG DOWNCOAST 
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DEPOSIT ION 
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*COAL 
SPECIFIC GRMITY=1.36 
SIZE, DiAM=0.5 MM 

PROFILE  A T  ONSET Of TEST 

BEACH RESPONSE TEST 14 

SCALES IN FEET 

PROTOTYPE ZOO 0 200 400  500 800  1000 
P 

---- AIGH WATER LINE AT ONSET OF TEST (NO TIDE) 

HIGH WATER LINE AFTER 7 HOURS OF 5-FT, 10-SEC WAVES 
FROM 40DEGUPCOAST 

-- HIGH WATER LINE AFTER UPCOAST WAVES PLUS I H W R  OF 
5-FT, 10-SEC WAVES FROM 3 0  DEG DOWNCOAST 
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---- HIGH WATER LINE AT ONSET OF TEST (NO TIDE) 

HIGH WATER LINE AFTER6CYCLES OF 5-FT, 10-SEC WAVES 
FROM 40 DEG UPCOAST 

-- HIGH WATER LINE AFTER UPCOAST WAVES PLUS I CYCLE OF 

5-FT, 10-SEC WAVES FROM 30 DEG DOWNCOAST 
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---- rilGH WATER LINE AT ONSET OF TEST (NO TIDE) 

HIGH WATER LINE AFTER 8 HOURS OF 5-FT, 10-SEC WAVES 
FROM 40 DEG UPCOAST 

-- HIGH WATER LINE AFTER UPCOAST WAVES PLVS I HOUR OF 

5-F?, 10-SEC WAVES FROM 30 DEG DOWNCOAST 
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BEACH RESPONSE TEST 17 
PLAN 38, DEPOSITION BASIN 

HOUR 20 
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OF MOLDED AREA 
I I 

---- HIGH WATER LINE AT ONSET OF TEST (NO TIDE) 

-- HIGH WATER LINE AFTER 7 HOURS OF 5-FT, 10-SEC WAVES 
FROM 40 DEG UPCOAST 

HIGH WATER LINE AFTER UPCOAST WAVES PLUS I HOUR OF 
5-FT, 10-SEC WAVES FROM 3 0  DEG DOWNCOAST 

"[ * c m L  
SPECIFIC GRAVITY=! 36 
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0 2QO 400  600 B W  I 000  

DISTANCE> FT (PROTOTYPE) 

PROFILE AT ONSET OF TEST 
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BEACH RESPONSE TEST 18 
PLAN 3-C 
SCALES IN FEET 

MODEL 2 0 2 4 6 8 10 

PROTOTYPE 200 0 200  400  600 800 1000 



PLATE 93 



PLATE 94 





PLATE 96 



---- HIGH WATER LINE AT ONSET OF TEST (NO TIDE) 

HIGH WATER LINE AFTER 3 HOURS OF 10-FT, t0-SEC WAVES 
FROM 4 0  DEG UPCOAST 
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CONCRETE MODEL BED FULLY 
COVERED BY COAL TRACER 

CONCRETE MODEL BED PARTIALLY 
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LEGEND 

INCIDENT AND REFLECTED 
WAVE CRESTS 

SCALES IN FEET 
- - - -  PATH OF MAXIMUM SHORT- 
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REFRACTION-REFLECTION DIAGRAM 
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PLAN 3 

WAVE CRESTS 
SCALES IN F E E T  
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APPENDIX A: TWO-DIMENSIONAL WAVE FLJUME TESTS 

1. The s u b j e c t  t e s t s  were  conduc ted  t o  a i d  i n  t h e  s e l e c t i o n  of  a  

s ed imen t  t r a c e r  f o r  t h e  t h r e e - d i m e n s i o n a l  w e i r  j e t t y  beach  r e s p o n s e  

t e s t i n g ,  The sed imen t  t o  be  s e l e c t e d  would be  used  a s  a n  o v e r l a y  on t h e  

e x i s t i n g  c o n c r e t e  model bed ,  A s  ment ioned i n  t h e  main t e x t ,  t h e  model 

was o r i g i n a l l y  d e s i g n e d  f o r  h y d r a u l i c  f ixed-bed t e s t s  and d u r i n g  t h e  

t e s t i n g  program i t  was d e c i d e d  t o  examine beach  r e s p o n s e  u p c o a s t  of  t h e  

w e i r  j e t t y .  Because o f  t i m e  and c o s t  L i m i t a t i o n s  i t  was n o t  d e s i r a b l e  

t o  c o n s t r u c t  a f u l l y  movable-bed model. 

2. It was f e l t  t h a t  t h e  main c r i t e r i o n ,  i n  L igh t  of  t h e  con- 

s t r a i n t s  d i s c u s s e d  above ,  would be t o  choose  a sed imen t  w i t h  a n a t u r a l  

p r o f i l e  c l o s e  t o  t h a t  of  t h e  molded beach  p r o f i l e  f o r  wave c o n d i t i o n s  

t h a t  would be a p p l i e d  i n  t h e  model. The beach  s l o p e  molded i n  t h e  model 

w a s  a r e l a t i v e l y  f l a t  s l o p e  ( 1 ~ 6 0 )  and t h u s  r e p r e s e n t a t i v e  of s m a l l  

p a r t i c l e  s i z e  beaches  ( l e s s  t h a n  0.3 mm) w i t h  h i g h  wave exposu re  ( U .  S. 

Army C o a s t a l  E n g i n e e r i n g  Resea rch  C e n t e r  1977*). T h i s  same s l o p e  was 

r ep roduced  i n  t h e  f lume tests f o r  t h e  v a r i o u s  s e d i m e n t s  ( t h e  i n i t i a l  

s l o p e  a t  t h e  b e g i n n i n g  of a t e s t ) .  Sediments  chosen  from t h o s e  on hand 

a t  WES were: s a n d ,  D50 = 0.25 mm,  s p e c i f i c  g r a v i t y  (S.G.) = 2.65; g l a s s  

b e a d s ,  = 0.13  mm, S.G. = 2.42; g l a s s  b e a d s ,  D50 = 0.08 mm, S.C. = 

2.42; c o a l ,  = 1.0 mm, S.G. = 1.36; c o a l ,  D = 0.5 mm, S.C. = 1.36; 5 0  
p l a s t i c  ( T e n i t e  b u t y r a t e ) ,  D50 = 3.0 mm, S.G. = 1.18. The g r a d a t i o n  

c u r v e s  a r e  shown ( e x c e p t  f o r  p l a s t i c ,  which i s  of  a un i fo rm s i z e )  i n  

P l a t e s  A1-A5. P l a t e  A6 shows t h e  a n g l e  o f  r e p o s e  o f  t h e  s e d i m e n t s ,  b o t h  

w e t  and d r y ,  a s  measured i n  a  c l e a r  p l a s t i c  box. P l a t e  A7 shows f a l l  

v e l o c i t i e s  a t  s t a n d a r d  c o n d i t i o n s  f o r  t h e  s e d i m e n t s  as measured i n  a 

4-in.-diam g l a s s  c y l i n d e r  ( e x c e p t  f o r  t h e  sand c u r v e ,  t a k e n  from Rouse 

( 1 9 3 7 ) ) .  

3. The f a c i l i t y  u sed  was a 2-ft-wide wave f lume ,  166.5 f t  l o n g ,  

and  7.0 f t  deep w i t h  d e t a i l s  shown i n  P l a t e  A8. The beach  p r o f i l e  was 

* Refe rences  c i t e d  i n  t h i s  Appendix may be found i n  t h e  R e f e r e n c e s  
s e c t i o n  a t  t h e  end o f  t h e  main t e x t .  



molded i n  t h e  a r e a  of  t h e  flume where t h e  o b s e r v a t i o n  windows a r e  s e e n  

i n  P l a t e  A8. The beach s l o p e  was molded from a Line drawn on t h e  s i d e  

o f  t h e  f lume window and measurements  o f  t h e  p r o f i l e  were  made from t h i s  

r e E c r e n c e  l i n e ,  Wave f i l t e r s  were  i n s t a l l e d  t o  a b s o r b  waves r e f l e c t e d  

From the  model beach  t o  minimize  i n t e r f e r e n c e  of  r e r e f l e c t e d  waves w i t h  

t h e  e q u i l  i h r ium p r o f i l e .  Tlie test  beach  was molded from t h e  -29 f t 

c o n t o u r  (from 1:100-sca le  t h r e e - d i m e n s i o n a l  model) t o  +10.0 m s l ,  a 

h o r i z o n t a l  l e n g t h  of  a p p r o x i m a t e l y  50  f t .  Wave c o n d i t i o n s  used were  

based  on v a l u e s  c o n s i d e r e d  r e a s o n a b l e  f o r  a  1:100 s c a l e  u n d i s t o r t e d  

model. P e r i o d s  used  were 0.7 s e c  ( 7  s e c  p r o t o t y p e ) ,  1.1 s e c  ( 1 1  s e c )  

and 1.5 s e c  (15  s e c ) .  Wave h e i g h t s  used  were 0.039 f t  (3 .9  f t  p r o t o -  

t y p e ) ,  0.072 f t  (7 .2  f t ) ,  and 0.146 f t  (14 ,6  f t ) .  Tlie tests were r u n  

u n t i l  i t  appea red  t h e  p r o f i l e  was s t a b i l i z e d .  It was f a i r l y  e a s y  t o  

d e t e r m i n e  t h i s  f o r  t h e  l i g h t e r  we igh t  m a t e r i a l s ,  b u t  no rma l ly  t h e r e  was 

s t i l l  some minor movement c o n t i n u i n g  f o r  g l a s s  beads  and s a n d ,  due  t o  

t h e  r e l a t i v e l y  small waves used  i n  t h e  s t u d y ,  

4. The beach  p r o f i l e s  a r e  p r e s e n t e d  i n  P l a t e s  A9-A15. In  many 

c a s e s  a  beach  s l o p e  was c r e a t e d  o f f s h o r e  o f  t h e  o r i g i n a l  w a t e r l i n e .  The 

1-mm c o a l  ( t e s t s  1-8) showed m a t e r i a l  t r a n s p o r t  shoreward  where a  new 

beach was b u i l t  seaward of  t h e  o r i g i n a l  one.  T e s t s  9-11 w i t h  0.08-mm 

g l a s s  beads  d i d  n o t  respond as t h e  c o a l  d i d ,  b u t  ma in ta ined  t h e  o r i g i n a l  

beach  s l o p e  and showed o f f s h o r e  movement, c r e a t i n g  b a r s .  The mechanism 

f o r  t h i s  was a u n i f o r m l y  r i p p l e d  bot tom (-1 in. i n  l e n g t h )  w i t h  e d d i e s  

t h a t  suspended t h e  beads  h i g h  enough t o  be c a r r i e d  o f f s h o r e  by a n e t  

o f f s h o r e  c u r r e n t  j u s t  above  t h e  bot tom.  T h i s  n e t  movement was due  t o  

t h e  c n o i d a l  shape  of t h e  waveform p roduc ing  h i g h e r ,  s h o r t  d u r a t i o n  

v e l o c i t i e s  unde r  t h e  wave c r e s t  and Longer term, s l o w e r  v e l o c i t i e s  unde r  

t h e  wave t rough .  T e s t s  12-18 w i t h  t h e  0.5-mm c o a l  were somewhat similar 

t o  t h e  l a r g e r  c o a l  e x c e p t  t h e r e  was some o f f s h o r e  movement f o r  t h e  

l a r g e r ,  l o n g e r  p e r i o d  waves ( t e s t s  16-18). The p l a s t i c  ( t e s t s  19-26) 

d i d  n o t  r e spond  t o  t h e  s h o r t e r  p e r i o d ,  s m a l l  waves ( t e s t s  22 and 25) .  

O the rwise ,  beaches  were b u i l t  seaward  of  t h e  o r i g i n a l  w a t e r l i n e  and t h e n  

movemerlt was onshore .  The sand d i d  n o t  r e spond  t o  t h e  s h o r t  p e r i o d  

waves ( t e s t s  27-28) and b u i l t  b e a c h e s  f o r  t h e  l a r g e r  waves ( t e s t s  29-32). 



The 0.13-mm g l a s s  beads ( t e s t s  33-40) showed movement s i m i l a r  t o  t h a t  of 

t h e  s m a l l e r  g l a s s  beads a s  d i s c u s s e d  p r e v i o u s l y .  

5. In  a n a l y z i n g  t h e  40 flume t e s t s ,  two c r i t e r i a  were used t o  

e v a l u a t e  t h e  p o s s i b l e  model m a t e r i a l s .  F i r s t ,  i t  would be d e s i r a b l e  t o  

have a m a t e r i a l  which moved onshore  and o f f s h o r e  a s  sand would f o r  g iven  

p r o t o t y p e  c o n d i t i o n s  t h a t  would be  s c a l e d  i n  t h e  model. Second, a 

m a t e r i a l  w i t h  a f a i r l y  f l a t  s l o p e  would be d e s i r a b l e  i n  o r d e r  t o  b lend 

i n  w i t h  t h e  c o n c r e t e  model s l o p e  o f  1:60 (which was des igned and con- 

s t r u c t e d  b e f o r e  t h e  d e c i s i o n  was made t o  s t u d y  beach planforms upcoas t  

of t h e  we i r  j e t t y ) .  

6.  Onshore-offshore movement of t h e  beach p r o f i l e  h a s  been a s s o c i -  

a t e d  wi th  t h e  magnitude of wave s t e e p n e s s  (Johnson 1949),  wi th  wave 

s t e e p n e s s  and f a l l  v e l o c i t y  of t h e  sediment  p a r t i c l e  (Dean 1973) ,  w i t h  

wave s t e e p n e s s  and sediment d iamete r  (Iwagaki and Noda 1962),  and w i t h  

wave s t e e p n e s s ,  sediment d i a m e t e r ,  and s p e c i f i c  g r a v i t y  of t h e  sediment  

(Nayak 1970). For each of t h e  above-mentioned offshore-onshore  movement 

models,  a  c r i t i c a l  wave s t e e p n e s s  can be determined,  f o r  which, i f  t h e  

wave s t e e p n e s s  ( h e i g h t j l e n g t h ,  Ho/Lo) is  g r e a t e r  than  t h a t  v a l u e ,  t h e  

movement w i l l  be o f f s h o r e  and i f  l e s s ,  t h e  movement w i l l  be onshore .  

7. The model t e s t  c o n d i t i o n s  were conver ted  t o  p r o t o t y p e  v a l u e s  

by t h e  s c a l i n g  r a t i o s  of 1:10 f o r  p e r i o d  and 1:100 f o r  wave h e i g h t ,  and 

t h e  movement p r e d i c t e d  by t h e  v a r i o u s  models was determined.  I n  t h e  

c a s e s  of t h e  models by Dean, Iwagaki and Noda, and Nayak, two sediment  

s i z e s  were assumed i n  o r d e r  t o  cover  a range  of v a l u e s .  The p r o t o t y p e  

sediment s i z e s  s e l e c t e d  were 0.25 mm and 0.8 mm. In  t h e  a p p l i c a t i o n  t o  

t h e  model of Dean, t h e  f a l l  v e l o c i t i e s  were determined by t h e  c u r v e  of  

Rouse (1973) shown i n  P l a t e  A7. The r e s u l t a n t  movement is  t a b u l a t e d  f o r  

each t e s t  and each model i n  Table  A 1  and compared w i t h  t h e  observed 

movement i n  t h e  two-dimensional f lume t e s t s .  In  t h e  column of observed 

movement i n  t h e  model t h e r e  is a n  a d d i t i o n a l  term used t o  d e s c r i b e  

sediment movement, o t h e r  thad  onshore  o r  o f f s h o r e .  The term "mixed" i s  

inc luded  t o  r e p r e s e n t  those  p r o f i l e s  t h a t  had some accumulat ion shore-  

ward of t h e  b r e a k e r  and a t  t h e  b r e a k e r  l i n e .  Th i s  co r responds  t o  t h e  

"Type 11" beach of Sunamura and Horikawa (1974) and which h a s  been 



observed i n  p r e v i o u s  model s t u d i e s  of beach p r o f i l e s .  Scanning Tab le  A1 

f o r  each sediment group,  i t  i s  seen  t h a t  t h e  0.13-mm g l a s s  bead shows 

t h e  g r e a t e s t  f r equency  of agreement w i t h  t h e  p r o t o t y p e  models, fo l lowed 

by t h e  0.08-mm g l a s s  bead,  t h e  0.5-mm c o a l ,  t h e  0.25-mm sand and 1.0-mm 

c o a l  and t h e  3.0-mn~ p l a s t i c .  It should  be no ted  t h a t  most of t h e  pro- 

t o t y p e  models c a l l  f o r  o f f s h o r e  movement f o r  t h e  c o n d i t i o n s  s p e c i f i e d  

and t h u s  t h e  m a t e r i a l s  t h a t  model o f f s h o r e  movement w i l l  do b e t t e r  i n  

t h i s  comparison. The reason  f o r  most c o n d i t i o n s  p r e d i c t i n g  o f f s h o r e  

movement was t h e  d e s i r e  t o  m a i n t a i n  f a i r l y  l a r g e  waves a t  t h e  

1:100 s c a l e .  The p l a s t i c  and sand each had two t e s t s  where t h e  m a t e r i a l  

d i d  n o t  respond a t  a l l  t o  t h e  t e s t  c o n d i t i o n s  f o r  s m a l l  shor t -pe r iod  

waves. 

8. Based on a  s l o p e  c r i t e r i o n ,  t h e  g l a s s  beads  mainta ined t h e .  

f l a t t e s t  s l o p e ,  v e r y  c l o s e  t o  t h a t  of t h e  model bed,  Th i s  was most 

l i k e l y  due t o  t h e i r  low a n g l e  of  r e p o s e ,  r e s u l t i n g  from t h e i r  s p h e r i c a l  

shape.  Sand was excluded from f u r t h e r  c o n s i d e r a t i o n  due t o  i t s  l a c k  of  

r e sponse  t o  s m a l l e r  waves ( i t  was n o t  d e s i r e d  t o  d i s t o r t  wave h e i g h t  i n  

t h e  three-dimensional  model) and i t s  s t e e p  beach s l o p e  f o r  l a r g e  waves. 

P l a s t i c  and c o a l  were a l s o  u n d e s i r a b l e  due t o  t h e i r  s t e e p  beach s l o p e s  

( r e l a t i v e  t o  t h e  model bed) .  There fo re  t h e  bead was chosen a s  t h e  

modeling sediment based on s l o p e  c r i t e r i o n  and t h e  onshore-offshore  

movement c r i t e r i o n .  The l a r g e r  g l a s s  bead was chosen over  t h e  s m a l l e r  

g l a s s  bead i n  o r d e r  t o  m a i n t a i n  a  c r i t i . c a l  H/L r a t i o  s i m i l a r  t o  pro- 

t o t y p e  c o n d i t i o n s .  Based on Dean (1973):  

where 

H = wave h e i g h t  

L = wave l e n g t h  

w = f a l L  ve l .oc i ty  

T = wave p e r i o d  

The l a r g e r  bead s i z e  had t h e  g r e a t e r  f a l l  v e l o c i t y ,  t h u s  t h e  g r e a t e r  

c r i t i c a l  H/L r a t i o .  F i g u r e  A 1  shows t h a t  i n  o r d e r  t o  mainta in  t h e  



F i g u r e  A l .  C r i t i c a l  wave s t e e p n e s s  v e r s u s  wave p e r i o d  



same c r i t i c a l  H/L  r a t i o  i n  model and p r o t o t y p e  f o r  t h e  1:lO-period 

s c a l e  of a  1:100 model, t h e  0.13-mm g l a s s  bead i s  c l o s e r  t h a n  t h e  0.08-mm 

g l a s s  bead. Also n o t e  t h a t  t h e  0.5-mm c o a l  is  a  c l o s e  second cho ice  i n  

t h i s  r e s p e c t .  

9. The reason  f o r  t h e  b e t t e r  r esponse  of t h e  beads  t o  t h e  smal l  

waves t h a n  t h a t  of sand was due t o  t h e  low a n g l e  of repose .  The expres-  

s i o n  f o r  longshore  t r a n s p o r t ,  Il , by Inman and Bagnold (1963) shows 

t h a t  

CC 
1 

'1 t a n  4 
f  

where 4 i s  t h e  i n t e r g r a n u l a r  f r i c t i o n  c o e f f i c i e n t  which i s  u s u a l l y  

assumed e q u i v a l e n t  t o  t h e  a n g l e  of repose  of t h e  sediment .  There fore  

t h e  s m a l l e r  t h e  4 v a l u e  t h e  g r e a t e r  t h e  l i k e l i h o o d  f o r  t r a n s p o r t ,  

a l t h o u g h  f o r  t h e  2 D  flume t e s t s  t h i s  must be  thought  of i n  terms of 

onshore-offshore  t r a n s p o r t  r a t h e r  t h a n  longshore  t r a n s p o r t .  

10. A f t e r  i n i t i a l  three-dimensional  t e s t i n g  w i t h  g l a s s  beads ,  i t  

was found n e c e s s a r y  t o  u s e  c o a l  a s  d i s c u s s e d  i n  paragraphs  71-73 of t h e  

main t e x t .  



Table  A1 

Comparison of Onshore-Offshore Sediment Movement of Flume T e s t s  w i t h  Var ious  P r o t o t y p e  C r i t e r i a  

Observed 
Sediment 
Movement 
i n  Model 
Flume;'; 

P r o t o t v o e  Sediment Movement P r e d i c t e d  hv  - - - . - - - 

Dean C r i t e r i o n  Noda C r i t e r i o n  - 
D50 = 0.25 mm DS0 = 0 . 8  mm D50 = 0.25 mm Johnson C r i t e r i o n  D50 = 0 . 8  mm 

Wave 
Height  

H 
0 

f  t 

Wave 
Per iod  

T 
s e c  

0 . 7  
0 .7  
1.1 
1.1 
1.1 
1 . 5  
1 . 5  
1 . 5  

1 . 5  
1 . 5  
0 .7  

1.1 
1.1 
0 . 7  
0 . 7  
1 . 5  
1 . 5  
1 . 5  

1 . 5  
1 . 5  
1 . 5  
1.1 
1.1 
1 . 1  
0 .7  
0 .7  

0 .7  
0 .7  
1 . 1  
1.1 
1 . 5  
1 . 5  

1 . 5  
1 . 5  
1 . 5  
1.1 
1.1 
1 . 1  
0 . 7  
0 . 7  

Wave 
S teepness  

Ho'Lo 
f  t 

0.016 
0.029 
0.023 
0.013 
0.006 
0 .013 
0.007 
0.004 

0.013 
0 .004 
0.029 

0 .013 
0.006 
0.016 
0.029 
0 .013 
0.007 
0.004 

0.004 
0.007 
0 .013 
0.016 
0 .013 
0.023 
0 .016 
0.029 

0.016 
0.029 
0 .023 
0.013 
0 .013 
0.007 

0.013 
0.007 
0.004 
0 .023 
0 .013 
0.006 
0.029 
0.016 

- 
L- - 

D i r e c t i o n  Agreement D i r e c t i o n  Agreement D i r e c t i o n  Agreement D i r e c t i o n  Agreement D i r e c t i o n  Agreement 
of Movement w i t h  Model o f  Movement w i t h  Model - of Movement w i t h  Model o f  Movement w i t h  Model of Movement w i t h  Model - o  

Sediment 
(S.G. ,  diam) 

Coal 

T e s t  - 
On 
Off 
On 
On 
On 
On 
On 
On 

Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Off 
Off 
Off 
Off 
On 
Off 
Off 
On 

No 
No 
No 
No 
Yes 
No 
No 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Off 
Off 
Off 
Off 
On 
Off 
Off 
On 

No 
No 
No 
No 
Yes 
No 
No 
Yes 

Glass  beads 
(2 .42 ,  0 .08 mm) 

Off 
Off 
Off 

On No Off Yes Off Yes Off Yes Off Yes 
On No Off Yes On No Off Yes On No 
Off Yes Off Yes Off Yes Off Yes Off Yes 

Coal 
(1 .36 ,  0 . 5  mm) 

Mixed 
On 
On 
On 
Mixed 
Mixed 
Mixed 

On Yes Off Yes Off Yes Off Yes Off Yes 
On Yes Off No On Yes Off No On Yes 
On Yes Off No Off No Off No Off No 
Off No Off No Off No Off No Off No 
On Yes Off Yes Off Yes Off Yes Off Yes 
On Yes Off Yes Off Yes Off Yes Off Yes 
On Yes Off Yes On Yes Off Yes On Yes 

P l a s t i c  On 
On 
On 
On 
On 
On 
On 
Off 

Yes 
Yes 
Yes - - 
Yes 
Yes 
- - 
No 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

On 
Off 
Off 
On 
Off 
Off 
Off 
Off 

Yes 
No 
No 
- - 
No 
No 
- - 
No 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

On 
Off 
Off 
On 
Off 
Off 
Off 
Off 

Yes 
No 
No - - 
No 
No 
- - 
No 

20 (1 .18 ,  3 . 0  mm) 
2 1 
2 2 
23 
24 
25 
26 1 
27 Sand 
28 (2 .65 ,  0.25 mm) 
29 
3 0 
3 1 
32 1 

No 
No 
Off 
On 
Mixed 
On 

On - - Off - - Off - - - - Off Off - - 
Off - - Off - - Off - - - - Off Off - - 
On No Off Yes Off Yes Off Yes Off Yes 
On Yes Off No Off No Off No Off No 
On Yes Off Yes Off Yes Off Yes Off Yes 
On Yes Off No Off No Off No Off No 

33 Glass  beads 
34 (2 .42 ,  0 . 1 3  mm) 
35 
3 6 
3 7 
38 
39 
40 1 

On 
On 
On 
On 
On 
On 
Off 
On 

No 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 

Off 
Off 
On 
Off 
Off 
On 
Off 
Off 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 

Off 
Off 
On 
Off 
Off 
On 
Off 
Off 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Off 
Mixed 
On 
Off 
Off 
On 
Off 
Mixed 

On = onshore  movement; Off = o f f s h o r e  movement; Mixed = some o f f s h o r e ,  some onshore .  



Wave 
Leepness 

Ho/Lo 
f  t 

Observed 
Sediment 
Movement 
i n  Model 
Flume$; 

Off 
Off 
Off 

Mixed 
On 
On 
On 
Mixed 
Mixed 
Mixed 

No 
No 
Off 
On 
Mixed 
On 

Off 
Mixed 
On 
Off 
Off 
On 
Off 
Mixed 

Tab le  A 1  

Comparison o f  Onshore-Offshore Sediment Movement of Flume T e s t s  w i t h  Var ious  Pro to type  C r i t e r i a  

P r o t o t y p e  Sediment Movement P r e d i c t e d  by 
Dean C r i t e r i o n  Noda C r i t e r i o n  Nayak C r i t e r i o n  

DS0 = 0.25 mm D,, = 0 . 8  mm D,, = 0.25 mm D,, = 0 . 8  mm D,, = 0.25 mm D,, = 0 . 8  rnm Johnson C r i t e r i o n  - - - - - - - - - - 
D i r e c t i o n  Agreement D i r e c t i o n  Agreement D i r e c t i o n  Agreement D i r e c t i o n  Agreement D i r e c t i o n  Agreement D i r e c t i o n  Agreement D i r e c t i o n  Agreement 

of Movement wi th  Model of Movement w i t h  Model of Movement w i t h  Model o f  Movement w i t h  Model of Movement w i t h  Model of Movement w i t h  Model o f  Movement w i t h  Model -- 
On 
Off 
On 
On 
On 
On 
On 
On 

Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Off 
Off 
Off 
Off 
On 
Off 
Off 
On 

No 
No 
No 
No 
Yes 
No 
No 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Off 
Off 
Off 
Off 
On 
Off 
Off 
On 

No 
No 
No 
No 
Yes 
No 
No 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

On No Off Yes Off Yes Off Yes Off Yes Off Yes Off Yes 
On No Off Yes On No Off Yes On No Off Yes Off Yes 
Off Yes Off Yes Off Yes Off Yes Off Yes Off Yes Off Yes 

On Yes Off Yes Off Yes Off Yes Off Yes Off Yes Off Yes 
On Yes Off No On Yes Off No On Yes Off No Off No 
On Yes Off No Off No Off No Off No Off No Off No 
Off No Off No Off No Off No Off No Off No Off No 
On Yes Off Yes Off Yes Off Yes Off Yes Off Yes Off Yes 
On Yes Off Yes Off Yes Off Yes Off Yes Off Yes Off Yes 
On Yes Off Yes On Yes Off Yes On Yes Off Yes Off Yes 

On 
On 
On 
On 
On 
On 
On 
Off 

Yes 
Yes 
Yes - - 
Yes 
Yes - - 
No 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

On Yes 
Off No 
Off No 
On - - 
Off No 
Off No 
Off - - 
Off No 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

On 
Off 
Off 
On 
Off 
Off 
Off 
Off 

Yes 
No 
No - - 
No 
No 
- - 
No 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

On - - Off - - Off - - Off - - Off - - Off - - Off - - 
Off - - Off - - Off - - Off - - Off - - Off - - Off - .. 
On No Off Yes Off Yes Off Yes Off Yes Off Yes Off Yes 
On Yes Off No Off No Off No Off No Off No Off No 
On Yes Off Yes Off Yes Off Yes Off Yes Off Yes Off Yes 
On Yes Off No Off No Off No Off No Off No Off No 

On 
On 
On 
On 
On 
On 
Off 
On 

N 0 

Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 

Off 
Off 
On 
Off 
Off 
On 
Off 
Off 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 

Off 
Off 
On 
Off 
Off 
On 
Off 
Off 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 

Off 
Off 
Off 
Off 
Off 
Off 
Off 
Off 

Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 

movement; Mixed = some o f f s h o r e ,  some onshore .  
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0 = ANGLE OF REPOSE 

MATERIAL USED @ W E T  0 DRY 

I. SAND (0.25 mm) 31' 33' 

2. GLASS BEADS (0.13 mm) 21° 24O 

3. GLASS BEADS (0.08mm) 19' 24' 

4. COAL ( 1.00 mm) 
5. COAL ( 0 . 5 0  mm ) 26' 33' 

1 6. PLASTIC (3.0 mm ) 35O 35O 1 

ANGLE OF REPOSE 
FOR MATERIALS TESTED 
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APPENDIX 8: NOTATION 

C o r r e c t i o n  f a c t o r  f o r  p o r e  s p a c e  

Bay t i d e  a m p l i t u d e ,  h a l f  r a n g e ,  f t  

Ocean t i d a l  a m p l i t u d e ,  h a l f  r a n g e ,  f t  

S u r f a c e  a r e a  of bay ,  f t  
2 

C r o s s - s e c t i o n a l  f l o w  a r e a  of  i n l e t ,  f t  
2 

E q u i l i b r i u m  minimum c r o s s - s e c t i o n a l  f l ow a r e a  below mean s e a  

].eve L, f t 
2 

I n c i d e n t  wave a m p l i t ~ t d e ,  f  t 

S h o r t - c r e s  t e d  wave a m p l i t u d e ,  f t 

Flow a r e a  between j e t t y  t i p s  a t  oceanward end of  j e t t i e s ,  f t  2 

Flow a r e a  a t  i n l e t  g o r g e ,  e q u i v a l e n t  t o  A , f t  
2 

C 

D imens ion le s s  number, f u n c t i o n  o f  Keulegan K 

I n c i d e n t  wave c e l e r i t y ,  Eps 

Shor t - c re s  t e d  wave c e l e r i t y ,  f p s  

Darcy-Weisbach f r i c t i o n  c o e f f i c i e n t  

I n l e t  impedance = K + K + fL  /4R 
i e  c c 

A c c e l e r a t i o n  due t o  g r a v i t y ,  f t / s e c  
2 

Wave h e i g h t ,  f t  

B reake r  h e i g h t ,  f t  

Deepwater wave h e i g h t ,  f t  

Immersed we igh t  t r a n s p o r t  ra te ,  Lh/sec 

Keulegan r e p l e t i o n  c o e f f i c i e n t  

D imens ion le s s  c o n s t a n t  I n  sed imen t  t r a n s p o r t  formula  

I n l e t  e x i t  Loss c o e f f i c i e n t  

I n l e t  e n t r a n c e  l o s s  c o e f f i c i e n t  

R e f l e c t i o n  c o e f f i c i e n t  of  s t r u c t u r e  



L Wave length, ft 

L' Crest length of short-crested wave, ft 

LC Inlet channel length, ft 

LH Horizontal length 

i 
Incident wave length, ft 

Lo Deepwater wave length, ft 

LS Short-crested wave length, ft 

L Vertical length, ft 
v 

P Tidal prism, ft 
2 

2 
Longshore energy fiux factor, ft-lb/sec/linear ft of beach 

S 

2 
q Unit discharge over weir, ft /sec 

3 Q Longshore sediment transport rate, yd /yr 

3 
Qm 

Maximum discharge, ft /sec 

Rc 
Hydraulic radius of inlet channel flow area, ft 

3 
S1 

Volume transport rate, Et /sec 

T Tidal period, wave period, sec 

'MBL 
Maximum bottom velocity at a given depth for incident wave, 
f ps 

'MBSC Maximum bottom velocity at a given depth for short-crested wave, 
f PS 

V Average velocity over weir, fps 

V Maximum average velocity, fps 
m 

V Maximum average velocity over weir, fps 
max 

w Fall velocity of sediment, cm/sec 

W Distance between maximum crestlines, ft 

a Acute angle between structure and shoreline 

oeb Breaker angle, deg 

AH Head difference across weir section, ft 

0 Acute angle between inciden~ wave crest and structure, deg 



8 Angle between r e f l e c t e d  wave c r e s t  and s h o r e l i n e ,  deg 
r 
X Width of c i r c u l a t i o n  c e l l  a long  shore l in .e ,  f t  

Angle between i n c i d e n t  wave c r e s t  and s t r u c t u r e ,  deg 

o f  I n t e r g r a n u l a r  f r i c t i o n  c o e f f i c i e n t  
2 .  4 

p Water d e n s i t y ,  lb-sec  / f t  
2 4 

p s  Sediment d e n s i t y ,  Ib-sec  / f t  
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